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Ex vivo Modelling of the Airflow Dynamics and Two- and
Three-dimensional Biomechanics of Prosthetic
Laryngoplasty Suture Placements in the Equine Larynx
Lynch N1, Pfau T1, Rafetto J2, Cheetham J3, Perkins J1
1Royal Veterinary College, London, United Kingdom, 2University of Melbourne, Melbourne, Australia, 3Cornell University, New York, USA.
 
Introduction
 The objectives of this study were to identify the level of arytenoid abduction required to optimise laryngeal airflow mechanics,  to investigate the two and three-
dimensional biomechanical effects on arytenoid cartilage movement during prosthetic laryngoplasty (PL) and, to determine the influence of altered suture
position within the muscular process on these parameters.
  
Materials and Methods
 Seven cadaver equine larynges were harvested. PL was performed on the left arytenoid at 12 abduction levels. Craniocaudal and mediolateral arytenoid suture
positions were compared.  At each level, flow, translaryngeal pressure (TP) and translaryngeal impedance (TI) were measured. Left : right arytenoid angle
quotients and glottic cross-sectional area were determined. Serial computed tomographic images were obtained at alternate abduction levels. Three-
dimensional reconstruction of external markers attached to the arytenoid and cricoid cartilage landmarks allowed calculation of roll, pitch and yaw for the left
arytenoid relative to the cricoid, using Euler angles.
  
Results
 The major arytenoid cartilage motion was pitch and yaw. The greatest change in flow and TP occurred between 17% and 42% of maximal abduction force and
for TI between 17 and 25% of maximal force. The major left arytenoid cartilage motion was pitch. Fifty percent of maximal force resulted in a mean left angle of
27° for the mediolateral suture, and 29° for the craniocaudal suture.
  
Discussion/Conclusions
 Abduction of the left arytenoid to 30˚ is sufficient for normalising airway mechanics during a routine PL in a cadaveric model. To optimise the 3D biomechanics
of the larynx, a suture which mimics the action of the lateral muscle belly is recommended
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Evaluation of Four Techniques for Injection of the Proximal
Interphalangeal Joint (PIPJ) in Horses
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Introduction
 Injection of the proximal interphalangeal joint (PIPJ) is challenging, with accuracy rates of 36-48% using traditional approaches. The objectives of this study
were to describe and evaluate dorsolateral flexed (DLF) and dorsoproximal midline standing approaches (DPM) for PIPJ injection, and to compare them to
established palmaroproximal (PP) and dorsolateral standing (DLS) techniques.
  
Materials and Methods
 Sixty cadaver thoracic limbs were divided into four groups (n=15); DLF, DPM, PP and DLS. For each technique, three operators injected contrast and
methylene blue into the PIPJ in five limbs. The number of attempts required were recorded. Successful injection was confirmed by radiographic presence of
contrast. Iatrogenic cartilage damage was assessed by gross visualisation. Statistical analysis was performed by the Wilcoxon signed-rank test (P <0.05).
  
Results
 The overall success rates were 86.6% - 93.3%. Although there was no difference in success rate, the frequency of needle repositioning was influenced by
operator experience (P = 0.033) and injection technique (P = 0.009). DPM had the lowest mean ±SD value of attempts needed to insert the needle in the joint
space (1.31 ±0.85); DLS had the highest (2.62 ±1.94). Injection technique influenced cartilage damage (P = 0.025), with the highest frequency recorded for
DLS.
  
Discussion
 All four techniques had a high success rate for successful injection of the PIPJ; DLS required the highest number of needle repositionings with greater
iatrogenic cartilage damage. DLF and DLM have comparable success rates to the traditional techniques, with lower complications in cadaver limbs. DLF
should be evaluated in clinical cases.
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The occurrence of radiocarpal joint perforation during
carpal sheath tenoscopy using two different tenoscopic
approaches
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Introduction
 The carpal sheath (CS) lies in close proximity to the palmarolateral pouch of the radiocarpal joint (RCJ) at the level of the radial physeal remnant (PR), but
communication between them has not been described. A proximolateral tenoscopic approach to the CS is commonly performed in this area. The study
objective was to evaluate the occurrence of RCJ perforation using two different proximolateral CS approaches and to investigate whether a natural
communication between the RCJ and CS could exist.
  
Materials and Methods
 Proximolateral CS tenoscopy was performed on both carpi of 11 horses under general anaesthesia, centering the distal instrument portal at the level of the PR
(Group 1) or 2 cm proximal to the PR (Group 2). These groups were randomly assigned. After tenoscopy, dye-coloured fluid was instilled arthroscopically into
the dorsolateral RCJ and the open tenoscopic portals were evaluated for leakage. Twelve cadaver front limbs were examined for RCJ and CS communication
using contrast CT. Statistical analysis was performed using McNemars test for two matched proportions.
  
Results
 In group 1, 10/11 RCJ were perforated during tenoscopy and in group 2, 4/11 RCJ were perforated (P=0.03). No limbs had diffusion of contrast from the RCJ to
the CS in the CT studies.
  
Discussion / conclusions
 This study indicates a high occurrence of RCJ perforation when using CS tenoscopy portals at the level of the PR. Our findings suggest that tenoscopic portals
should be placed ≥2cm proximal to the PR to avoid RCJ perforation. Natural communication between the RCJ and CS was not observed.
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Neurovascular variations in the proximal plantar metatarsal
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Introduction
 There is a paucity of information on neurovascular variation in the proximal plantar metatarsal region of the horse. This study describes the neurovascular
relationships in this region.
  
Materials and Methods
 Measurements in 16 paired cadaver limbs included the deep branch of the lateral plantar nerve (DBPLN), suspensory ligament (SL) length, DBPLN branches
on SL entry and distance to the SL fascia. DBPLN relationship to the deep plantar arch and accessory ligament of the deep digital flexor tendon (ALDDFT) was
described.  Data were recorded as mean (± SD) or median (plus range). A paired student’s t-test was used to test left/right differences.
  
Results
 DBPLN length was 6.0 ± 2.1cm with a median of 3 branches (range 2-6) entering the SL. Distance from the head of MtIV to the SL fascia proximal border was
2.5 ± 0.4 cm.  There were no left/right differences (P >0.05).  The deep plantar arch coursed over the DBPLN in 8/16 whereas in 7/16 the DBPLN passed
between the deep plantar arch. In 1/16 the DBPLN ran superficial to the deep plantar arch.  In 13/16 the DBPLN was superficial to the ALDDFT.  In one limb an
additional branch from the LPN was noted.  In another limb the ALDDFT obscured the proximal margin of the SL fascia and plantar arch.
  
Discussion/Conclusions
 Neurovascular variation was not uncommon between horses and between limbs of the same horse, particularly in relation of the DBPLN to the plantar arch and
ALDDFT. These could be important considerations when undertaking surgical approaches to this region.
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Serum amyloid A and plasma fibrinogen concentrations in
horses following emergency exploratory celiotomy.
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Introduction
 Acute-phase proteins may help to assess the nature and severity of lesions and outcome in horses undergoing colic surgery. The aim of this study was to
compare SAA and fibrinogen concentrations in the immediate post-operative period after exploratory celiotomy, and to determine their value in assessment of
post-operative complications and survival to discharge.
  
Materials & Methods
 This was a prospective, observational study. Horses over 1 year of age undergoing exploratory celiotomy were included. Surgical procedures, lesions, post-
operative care, complications and survival to discharge were recorded. SAA and fibrinogen were measured prior to surgery, and post-operatively for 5 days.
Statistical analyses included Yate’s chi-square test, linear mixed effect model, Mann-Whitney U test and logistic regression.
  
Results
 Of 300 horses, 52.0% developed complications and 83.7% survived to discharge, with a significantly reduced chance of survival in horses that developed
complications (P<0.01). Logistic regression revealed post-operative complications to be associated with strangulating lesions (OR 2.35, 95%CI 1.41–3.91,
P<0.001) and higher fibrinogen at admission (OR 1.21, 95%CI 1.00–1.45, P<0.05), and survival to discharge to be associated with lower SAA at 5 days post-
operatively (OR 0.965, 95%CI 0.94–0.99, P<0.001).
  
Discussion/ Conclusions
 Horses that develop complications have increased magnitude and duration of acute-phase protein responses compared to those that do not develop
complications. This was also seen for horses that did not survive to discharge. Measuring SAA daily and fibrinogen at admission may help in predicting
development of post-operative complications. 
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The effect of xylazine and lidocaine on ischemia-
reperfusion injury in an experimental model of equine
jejunal ischemia
Verhaar N, Pfarrer C, Neudeck S, Koenig K, Rohn K, Twele L, Kaestner S
University of Veterinary Medicine Hannover, Hannover, Germany.
 
Introduction
 Pharmacological preconditioning effects of dexmedetomidine on small intestinal ischemia/reperfusion (I/R) injury have been reported in different animal models
including horses. The objective of this study was to assess if xylazine and lidocaine have a preconditioning effect in an established experimental model of
equine jejunal ischemia.
  
Materials and Methods
 Ten horses under general anaesthesia were either preconditioned with xylazine (group X; n=5) or lidocaine (group L; n=5). A historical untreated control group
(group C) was used for comparison. An established experimental model of low-flow ischemia of the equine jejunum was applied, and intestinal samples were
taken pre-ischemia, and after ischemia and reperfusion. Histomorphological examination was performed using a modified Chiu score. The degree of apoptosis
was assessed by immunohistochemical staining for cleaved-caspase-3 and terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL). For the
statistical analysis non-parametric tests were performed using commercial software.
  
Results
 In all groups, mucosal injury did not progress from ischemia to reperfusion and there were no significant histomorphological differences between the groups.
After ischemia, group X had less caspase positive cells compared to the control group. All groups showed an increase in caspase positive cells during
reperfusion. In group C and L, a significant increase in TUNEL positive cells during ischemia was noted, as was a decrease after reperfusion.
  
Discussion/Conclusions
 The increase of apoptotic cells after reperfusion indicates significant reperfusion injury. The lower increase of caspase positive cells in group X after ischemia
suggests a protective effect of xylazine on I/R injury.
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Evaluation of range of motion of adjacent cervical vertebral
segments after surgical fusion of C3/4 in the horse using 3D
and 4D Computed Tomography
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1Equine Clinic: Surgery and Radiology, Freie Universität Berlin, Berlin, Germany, 2Leibniz Institute for Zoo and Wildlife Research in the Forschungsverbund
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Introduction
 Surgical fusion of vertebral segments is a treatment option for horses with cervical stenotic myelopathy or cervical fracture. Degeneration of the adjacent
vertebral segments (ASs) is a reported complication in other species, termed adjacent segment disease. This condition is thought to be a consequence of the
fusion rather than undetected pathology at the AS. The aim of this study was to evaluate the biomechanical impact of cervical spinal fusion on ASs in the
horse.
  
Materials and Methods
 Neck-specimens of twelve horses were assessed using a CT that allows 3D/4D visualization. Range of motion (ROM) was determined by measuring the
maximum flexion, extension and lateral bending between C2-C5. C3/4 was subsequently fused using a standard LCP plate and locking screws and CT scans
and ROM measurements were repeated.
  
Results
 ROM measurements of C3/4 decreased significantly after fusion (P=0.002). ROM of the AS (C2/3 / C4/5) did not change significantly after fusion. Prior to
fusion a significant increase in ROM along the ASs from cranial to caudal was observed.
  
Discussion/Conclusion
 Fusion of one cervical intervertebral joint did not affect the ROM of the ASs. Apart from an increase in ROM of ASs, adjacent degenerative disc disease is
commonly diagnosed in human patients after vertebral fusion. Further research investigating the implications of vertebral fusion on the intervertebral pressure
in the equine patient is indicated.
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An alternative single-stage technique for the reconstruction
of third degree perineal lacerations in horses: “Utrecht
Repair Technique”
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Introduction
 Lacerations of the perineal region frequently occur in mares at the time of foaling. Tears that involve the perineal septum, anal sphincter, rectal submucosa and
rectal mucosa are referred to as third degree perineal lacerations (TDPL).The goal of surgical repair is to create a new division between the vestibulum and
rectum along with functional reconstruction of the perineal body. The purpose of this study was to describe the perioperative management, surgical procedure
and outcome of an alternative single-stage repair technique, the Utrecht Repair Technique (URT), for the correction of third degree perineal lacerations (TDPL)
in mares.
  
Materials and Methods
 Medical records of mares (n=20) that had undergone reconstruction of a TDPL using the URT were reviewed to assess the likelihood of surgical success and
to report postoperative complications in detail.
  
Results
 The age of the mares ranged from 3.5 to 11 years. In 18/20 (90%) successful reconstruction of the rectovestibular shelf was achieved after a single surgical
procedure. In 2/20 (10%) mares, a small rectovestibular fistula remained after the initial repair, which was successfully repaired with a second surgical
procedure. Other postoperative complications included postanesthestic myositis, facial nerve paralysis, oesophageal obstruction, rectal impaction, partial
perineal dehiscence and perineal wind-sucking. Postoperative fertility was good; 86% mares subsequently rebred became pregnant.
  
Discussion / Conclusions
 The present study describes an alternative single-stage repair technique for the reconstruction of TDPL in mares. Successful repair after a single surgery was
recorded in 90% of cases. No major complications related directly to the technique developed.
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Introduction
 Regional limb perfusion is a well-known method for delivering high concentrations of antimicrobials to distal limb synovial structures in horses. The typically
applied tourniquet time is 30 minutes, although several studies concluded that an application time of 10-15 minutes may be sufficient. Decreasing the
application time can reduce repeated sedation and discomfort. The objective of this study was to determine the time (Tmax) to maximum concentration (Cmax)
of amikacin in the anteobrachiocarpal (ABC) joint following cephalic intravenous regional limb perfusion (IVRLP).
  
Materials and methods
 Six adult horses underwent IVRLP with 2g of amikacin diluted in 100ml of NaCl 0.9%. A wide rubber tourniquet was applied for 30 minutes and the antibiotic
solution was injected through a 23G catheter. Synovial fluid was sampled from the ABC joint at 0, 5, 10, 15, 20, 25 and 30 minutes after IVRLP. Synovial
amikacin concentrations were determined by liquid chromatography/tandem mass spectrometry. Statistical calculations were performed using computer
programs (Stata14 and SPSS24).
  
Results
 Mean Tmax was at 15 minutes (range 10-20 minutes) and mean Cmax was 1153 µg/mL (range 588-1950 µg/mL). None of the horses had Tmax value at later
than 20 minutes tourniquet application time. 
  
Discussion / conclusions
 Although mean Tmax was calculated to be 15 minutes, 2/6 horses had Tmax at 20 minutes. Additionally, the highest mean and median Cmax were obtained at
the 20 minutes time point. In conclusion, a tourniquet application time of 20 minutes is sufficient for IVRLP to reach Cmax of amikacin in the ABC joint in
standing horses.
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Retroperitoneoscopy in the horse: Anatomical study of the
retroperitoneal space and description of a surgical
approach
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Introduction
 Surgical approaches to the kidneys and perirenal structures are uncommonly performed in horses and several complications have been described with current
procedures.The aims of this prospective study were to describe the anatomy of the perirenal retroperitoneal space and to investigate a retroperitoneal,
minimally invasive approach to access the kidney and perirenal structures in horses.
  
Materials and Methods
 Twelve horses euthanized for other reasons than renal disease were included in this study. Three equine cadavers were dissected to describe the
retroperitoneal anatomy and to develop the surgical approach. Nine cadaveric horses underwent either left side (n=9) or right side (n=4)
retroperitoneoscopy. Anatomic landmarks, working space and access to the renal hilus and perirenal structures were evaluated.
  
Results
 The retroperitoneoscopic portal was placed at the level of the dorsal aspect of the tuber coxae, 3cm caudal to the last rib for the left side and 2cm caudal to the
last rib for the right side. Retroperitoneal access and working space establishment with CO2 insufflation were successfully performed in all horses. The
standing position allowed easier dissection than lateral recumbency. Division of the perirenal fat allowed access to the kidney and adrenal glands as well as
identification of renal vessels and the ureter in the renal hilus.
  
Discussion / Conclusions
 This prospective study describes the anatomy of the equine retroperitoneal space and provides a surgical approach for retroperitoneoscopy in horses.
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Update on orthopaedic implants: what`s on the horizon?
Lischer CJ*
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The Equine T-Plate was launched to provide a single implant solution for physeal fractures of the foal´s proximal tibia. These are rare but challenging cases to
manage due to limited implant purchase in the small epiphyseal fracture segment and the relatively soft bone in the epiphysis and metaphysis. The Equine T-
plate is made of 316L stainless steel and it is compatible with the Large Fragment system. It is available as 4-, 6-, 8- and 10-hole plate. Stacked combi-holes
are at the head (3) and at the tip (1) of the plate, the remaining holes are standard combi holes. Recently, a number of cases had demonstrated the utility of the
Equine T-Plate to provide solid fixation in short fracture segments in the MC/MT III and the radius. Specifically, the T-portion of the plate can be used to engage
up to 3 locking screws in fracture segments where standard plate fixation would be inadequate. Further indication included corrective osteotomy and partial
carpal and tarsal arthrodesis (Lischer et al. 2019). Recently, a T-Plate was used for atlanto-axial fusion in a yearling with complete luxation of this articulation
(Schulze et al. 2019).
Accessory carpal bone (ACB) fractures are rare and but well recognized in Thoroughbreds, used as racing horses, hunters and Warmblood sports horses. The
most common configuration is a proximodistal oriented fracture running through the lateral sulcus in which the tendon of the flexor carpi ulnar is located. In
simple fractures with minimal displacement, conservative management can be successful in selected cases. However osseous union is hardly achieved
because the constant pull of the flexor carpi ulnaris muscle is causing motion across the fracture plane. Due to the closed proximity of the ACB to the carpal
canal, instability at the fracture site may further damage adjacent tendons, blood vessels and nerves.
The internal fixation of an ACB fracture may be desirable but the bone’s particular shape, where the medial surface is concave, and the lateral surface is
convex, plus its thinness in the middle of the bone, makes internal fixation technically difficult. Internal fixation by cortical screws applied in lag fashion, or
cerclage had not been successful to counteract the cyclic loading forces exerted by the extensive ligamentous and muscle attachments. Recently, an X-plate
has been introduced to stabilize simple ACB fractures in horses. This plate is available in four sizes and at each end of the “X” 2.7mm locking head screws
(LHS) can be inserted.  A 4.5 mm cortical screw in lag fashion may further increase the stability of the construct.
This X-plate had been successfully used in two cases with ABC fracture. In one horse the X-plate was used alone, and in the other case a combination of X-
plate and two 3.5mm cortical screws had been applied. Currently, biomechanical testing is performed to compare if an X-plate and a 4.5 cortical screw in lag
fashion across the fracture plane will result in a higher stiffness and stability of the construct compared to use of cortical screws in lag fashion alone.
Further developments include the minimal invasive application of LCP Distal femur plate for comminuted Proximal Phalanx fractures (Rossignol 2019) and a
special designed plate that fits the curved shape of the caudal aspect of the olecranon.
References
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Vertebral fractures in horses tend to involve the cervical or thoracolumbar regions. Foals are more susceptible to vertebral fractures than adults and cervical vertebrae are mo
spinal trauma vary according to the age of the horse. The most common injuries in young horses (less than 6 months old) involve luxations, subluxations, and physeal separa
vertebrae, especially the axial dens or odontoid process. Depending on the degree of spinal cord compression and the neurological deficits, such fractures can be stabilized b
Adults are more commonly injured in high speed or race accidents and fractures can involve both the cervical and thoracolumbar regions. High energy impact usually results 
leading to major neurological signs and recumbency. For this reason, few attempts have been made to surgically repair such injuries. In some cases of cervical vertebral fract
despite the obvious bone disruption. In this situation, spontaneous bone healing can occur but common complications include neurologic sequela and recurrent pain due to ex
Internal fixation can be used to stabilize the unstable fragments and thus prevent increased compression due to further displacement, and to prevent delayed compression by
of the canal.
The accuracy of cervical fracture diagnosis, in both foals and adults, has been improved by computed tomography which allows three-dimensional assessment of potential co
diagnosis and treatment of thoracolumbar and sacral vertebral injuries remain a real challenge in the horse due to its size.
Fractures of the axial dens with atlantoaxial luxation
 Cranial cervical fractures are more commonly seen in young horses (less than 6 months old) and often involve the axial dens or odontoid process. These fractures usually inv
resulting in separation of the odontoid process. The dens remains attached to the atlas by its ligaments, and the axis moves ventrally due to the traction of the nuchal ligamen
degree and force of spinal impact at the time of the injury and can range from stiff gait to total tetraparesis or even sudden death
Immediate medical therapy is indicated.
If the displacement of the axis is moderate and if the foal improves, medical treatment can be continued.
Surgical repair is indicated if the clinical signs deteriorate or if the foal is highly valuable and intended for athletic use. Ideally, surgery should be performed before the foal is u
allow decompression at the fracture site by realigning the vertebrae and provide stability with some form of fixation.
Possible technique for treatment : ventral atlantoaxial fusion using LCP
 The foal is placed in dorsal recumbency. The same approach is adopted as described below for caudal cervical vertebrae. Use of a locking compression plate (LCP) is prefera
or broad 3.5/4.0 or 4.5/5.0mm LCP can be used depending on the size of the patient. Two plates, with one placed on each abaxial side of the midline of the vertebra, have als
slightly. One cortex screw is inserted into each fragment in loaded fashion. The correct length of the screws is determined fluoroscopically, paying attention not to damage the
filled with locking screws. The muscles, subcutaneous tissue and skin are closed in a continuous fashion. Postoperatively, the foal should be helped to nurse as soon as poss
than 3 days postoperatively, the prognosis is markedly decreased.
Implants should be removed only in the case of loosening or bone lysis. After surgery, the range of lateral motion of the cranial portion of the neck will be reduced as it is only 
seems to be minimally debilitating for most foals.
Chronic atlantoaxial subluxation
 Primary idiopathic atlantoaxial subluxation, without fracture of the dens, is a rare condition seen in young horses up to 3 years of age. The condition can be congenital in origi
neurologic signs can be acute but are generally chronic, and may occur months or years after the initial trauma.
Evidence of subluxation can be confirmed, with the head in extension, by X-rays, as lengthening of the space between the articular surface of the atlas and axis ventrally and 
arch of the atlas and the spinous process of the axis. The major compressive component is the caudal portion of the dorsal arch. Definitive diagnosis requires myelography w
during extension and relief during flexion. Computed tomography, with the head in extension, may also be useful to better define the lesion and potential rotation, and to detec
Prediction of the clinical outcome after conservative treatment is difficult. A horse with atlantoaxial subluxation can be successfully treated by subtotal dorsal laminectomy. Ven
compression occurs in extension.
Fractures of the axis
 Fracture of the axis (other than the dens) can also occur and be similarly managed to middle and caudal vertebral fractures, using ventral plating for internal fixation (see later
strength of the construct can be improved by combining fixation with ventral cervical fusion to the adjacent third vertebra.
A dorsal approach can also be used as the position of the axis is relatively superficial. The dorsal aspect of the spinous process represents the tension side of the bone and th
Cervical vertebral fractures (C3 to C7)
 One common fracture configuration, associated with moderate to mild neurological signs that permit surgical treatment, consists of an oblique displaced fracture of the caudal
the strength of the strong fibrous intervertebral disk, displacement at the disk is minimal but often considerable at the mid-vertebra (Figure 1). In other situations, the fracture f
vertebral body with slight displacement, or involves the base of the cranial articular process or the dorsal arch. Falls in which the neck is severely hyperextended can result in 
rotation and displacement of the caudal vertebra through the ventral half of the caudal end plate of the body of the adjacent cranial vertebra. If trauma is severe, the dorsal lam
process fracture and rise up, effectively deroofing the spinal canal. Although such fractures can produce severe angulation of the spine, this deroofing reduces the neurologic 
can also occur after ventral interbody fusion using a Kerf-Cut cylinder (KCC), particularly at C5-6 and C6-7.
A complete neurological exam should be performed and repeated after starting the medical treatment. Fracture configuration, mainly for the rostral vertebrae, can be assesse
and dorso ventral views. Computed Tomography imaging is extremely helpful to determine the three dimensional configuration of the fracture and to detect latero-medial displ
Acute fracture management
 Horses with minimally displaced fractures, with or without minimal neurologic signs, can be managed conservatively by medical treatment with a non-steroidal antiinflammator
corticosteroids (Dexamethazone: 0.1 mg/kg IV b.i.d) and DMSO (1g/kg in perfusion s.i.d) by intravenous perfusion in Ringer lactate.  Corticoids are helpful to reduce edema b
short period in adult horses, as they may induce laminitis and, if surgery is elected, may impact bone and soft tissue healing. The risk of further displacement of the fracture, t
movement when the horse stands up after lying down, can be reduced by keeping the horse in a sling.
Case selection for surgery
 Deterioration of the neurologic deficit is a clear indication for surgical stabilization. In some horses with displaced fracture of the ventral part of the cervical body, the fracture li
ataxia may be due to direct injury to the cord during the fall, or to possible mobilization of the disk towards the canal, as described in humans or dogs. In such displaced fractu
because conservative management would lead to exuberant callus formation and probably bridge the intervertebral space, due to major displacement of the fragment, especi
Mobilization of the fragment during neck movements and possible further deterioration of the disk may lead to chronic pain and instability of the adjacent cervical articulations
“domino effect” may be encountered in horses when cervical fracture and luxation is managed by conservative treatment. In such cases, chronic misalignment and instability l
intervertebral sites adjacent to the fusion.
Some horses with articular process fractures develop cervical osteoarthritis with neck stiffness and limited lateral flexion. In this situation, ventral cervical fusion may be used 
stabilize these articular fractures and improve the prognosis. When the fracture has already healed and the callus has already developed and is compressing the spinal cord, 
especially if myelography or CT examination reveals permanent compression, whatever the position of the neck (static compression).  In this situation, dorsal laminectomy sh
The availability of sufficient bone in the vertebral body for implant fixation is an obvious necessity. Severely disrupted vertebrae are difficult to with and screws. The adjacent v
fractured vertebra and is recommended when the intervertebral disk is damaged
Surgical technique
 The horse is placed in dorsal recumbency under general anesthesia with the head extended. We use custom-made V-shaped blocks to stabilize the neck in a strictly vertical p
the radiographic cassettes (Figure 2).  The involved vertebra and/or intervertebral space is identified under radiographic guidance and the surgical site is indicated with skin st
After routine aseptic preparation and placing an impermeable drape, a 30 cm midline ventral skin incision is made at the level of the fractured vertebra. The trachea is drawn t
is exposed by blunt dissection. The esophagus and carotids are also identified and retracted using two strong self-retaining Inge retractors while protecting the jaws of the retr
prevent slipping and damage to the recurrent nerves and esophagus, especially at the rostral vertebrae.
After sharply dividing and separating the longus colli muscle, using strong mayo scissors and a periosteal elevator, the muscles retracted and the ventral spine of the involved
exposed. The fracture site is debrided and the hematoma evacuated down to the fracture bed. The ventral spine of the body of the vertebra is usually flattened slightly, by usin
application. The fracture is reduced by manipulation with bone forceps and strong digital pressure.
LCP have advantageous mechanical properties in terms of stability and strength. They are suitable for the cancellous bones of vertebrae and should preferably be used. As th
to the cervical canal, most of the screws are only inserted into the ventral cortex and cancellous bone. Locking head screws can be combined with cortical or cancellous screw
fracture line to compress the fragment. They can either be inserted through the combi hole of the LCP, or separately and should be applied before the LHS.
When cervical fusion is performed, cancellous bone grafts, sampled from the sternebrae, or calcium phosphate are placed inside the intervertebral disk space to stimulate the
fracture of the base of the articular facet of the fourth cervical vertebra in an eight year-old French warmblood, we placed a smaller titanium cervical cage (3D medical, www.3
disk space after drilling and removing the disk material. The cage was built using 3D printing technology and combined with a seven-hole broad LCP to increase the stability o
healed very well without any clinical sign and returned to full activity in show jumping.
More recently, a new version of this implant has been used in a 2-year-old Lusitanian filly. This filly presented a disjunction of the articular facets between the second (C2) and
avulsion fracture of C2 and hyperflexion, after a trauma in the field. She was highly ataxic and was stabilized using medical treatment. She progressively improved but remain
reduced and the involved vertebrae were fused using a combination of a larger titanium cervical plate fixed anchored in C3 with cancellous screws and a ventral titanium cerv
screws (Figure 3). This implant is also designed using 3D printing (3D medical, www.3D medical.fr) and combines the advantages of a KCC and a LCP, providing stability in fl
improved rapidly after surgery and was almost normal at walk one month postoperatively. 
In the case of cervical fractures involving the articular facets or pedicles, cervical fusion may also be performed using a Kerf-cut cylinder, as described for cervical stenotic my
Figures
Fig 1 : Oblique displaced fracture of the caudal aspect of the body of the fourth cervical vertebra. Due to the strength of the strong fibrous intervertebral disk, displacement at 
vertebra. Note the narrowing of the intervertebral disk space
Fig 2 : Custom-made V-shaped blocks used to stabilize the neck in a strictly vertical position (white arrow). These blocks also facilitate placement of the radiographic cassette
is fixed to a support arm.  The vertebra involved and surgical site are indicated with skin staples (black arrows)
Fig 3 : Ventral cervical fusion to stabilize a subluxation and dysjunction of the articular facets of C2 and C3 with avulsion fracture. The vertebrae were realigned and fused usi
cervical pplate fixed with locking cancellous screws.
A: Titanium cervical cage and plate system
B: Preoperative Xray: subluxation of the articular facets (white arrow); avulsion fragment (black arrow)
C: 2 weeks postoperative Xray: note the good realignement of C2 and C3 and the cancellous locking screws used to stabilize the cervical plate.
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Subchondral cystic Lesions: Curetting, Filling or Drilling
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Introduction
 Subchondral cystic lesions (SCLs), also referred to as subchondral bone cysts or osseous cyst-like lesions (OCLLs), can affect many different joints in horses
and are the result of a variety of pathological mechanisms. In 1975, Rooney described subchondral cystic lesions of the equine stifle as a manifestation of the
osteochondrosis (OC) complex, in which retained, thickened and necrotic cartilage in the epiphyseal physis folds into the subchondral bone in the weight-
bearing areas of the joint. Recent studies have shown that in pigs and horses with osteochondrosis, abnormal ossification is the result of ischemic
chondronecrosis caused by failure of the blood supply to the epiphyseal growth cartilage. Another mechanism associated with the development of SCLs is
trauma to the articular cartilage, subchondral bone or both, which creates a communication between the subchondral bone and the joint allowing synovial fluid
to move under pressure into the subchondral region; the result is necrosis of the adjacent bone and cyst formation. In a recent study evaluating the morphology
of SCLs in the limbs of horses, it was shown that in almost one third of the cystic lesions, a concomitant fissure was visible using computed tomography
(CT).1It was also shown that cartilage defects raise peak stresses in the subchondral bone, which could lead to the development of subchondral bone cysts.
Another finding was that all stress components were elevated around large cysts in the stifle of horses, which could result in a cycle of stress-induced bone
remodelling perpetuating the growth of subchondral cystic lesions.2Alternatively, trauma can cause subchondral bone damage and bone ischaemia and
necrosis, followed by revascularisation and resorption of necrotic bone, leaving a subchondral lesion.3Lameness is attributed to increased intracystic or
intraosseous pressure or both.4In some cases, radiography can be used to diagnose subchondral cystic lesions.5A typical radiographic finding is a dome
shaped or round to oval subchondral area of lucency surrounded by a sclerotic rim of varying size. Some SCLs are difficult to detect on radiographs and
several views may be needed to visualise the extent of the lesions. In a recent study, of 42 SCLs diagnosed by CT in the limbs of horses, only 33(79%) were
identified radiographically.1
What is the best treatment for subchondral cystic lesions?
 Even though SCLs constitute a very important orthopaedic problem in horses, there are no controlled comparative studies concerning the different treatment
options.6Another important consideration is that treatment options differ with different joints so the specific treatment of individual SCLs depends on multiple
variables including the type and age of the horse, the joint involved, the location of the cyst in the joint and the size of the SCL.
Conservative treatment
 Nonsurgical management of SCLs involves rest and the use of nonsteroidal anti-inflammatory drugs (NSAIDs). This type of treatment is not very successful
and in one study had a failure rate of 66%.7Limited exercise and intra-articular medication has a reported success rate of 64%, with horses less than 3 years of
age having a better prognosis for return to soundness. One author reported that lesions recur in horses resuming athletic activity following conservative
management. Benzopyrone has been used systemically in horses with SCLs, and 12 of 19 horses receiving this treatment returned to normal use.8This drug is
thought to decrease the osmotic pressure in the affected bone, assuming that pain associated with these lesions originates from increased intraosseus
pressure,.8Tiludronate, a non-nitrogen containing biphosphonate, inhibits osteoclast-mediated bone resorption and has been used in humans since
2007.9Clinical studies have shown that tiludronate can improve lameness in horses with navicular disease or distal tarsal osteoarthritis in the short-term, but no
long-term results are available9and the efficacy of tiludronate for the treatment of SCLs remains unknown. Intraarticular injection of steroids is often the first
approach to SCLs and leads to immediate improvement in lameness; however, the risk of recurrence is high.10The technique of injecting corticosteroids into
the lining of the SCL under arthroscopic or ultrasonographic guidance is based on earlier work, in which inflammatory mediators were detected in the cystic
contents leading to bone resorption. A success rate of 90% for unilateral and 67% for bilateral SCLs was reported.11
Surgical treatment
 Surgical treatment is the therapy of choice for horses with an SCL that causes lameness.
First question: is curettage necessary?
 
Surgical debridement can be achieved using an intra-articular approach and arthroscopy5or a transcortical approach. When an intra-articular approach is used,
the arthroscope is introduced into the affected joint using routine technique. The lesion is identified through the presence of a channel when the SCL
communicates with the joint or by a slight indentation or an irregularity of the cartilage resembling a ‘Mercedes star. Imaging techniques are used occasionally
during an intra-articular approach to identify the cyst. Once the cyst has been located, a curette or a shaver can be used to remove the contents of the cyst. All
the contents and lining of the cyst are carefully removed until the subchondral bone becomes visible. Most of the SCLs of the distal limb are not accessible
through an articular approach and must be debrided transcortically. The surgery should be carried out under digital radiography, fluoroscopy or CT guidance,
and careful planning is crucial.12We believe that the intra-articular approach for curettage should be avoided because a better success rate can be achieved
using a transcortical approach. The advantage of the transcortical approach is that it is not necessary to enlarge the communication between the joint and the
cyst. A transcortical approach should therefore be used for an SCL in the medial femoral condyle. Some cystic lesions may not require curettage, for instance
when a lag screw alone promotes bone formation,13 but in our experience, curettage is beneficial for the treatment of most bone cysts.
Second question: is filling necessary?
 Although simple debridement and exposure of the subchondral bone promotes some migration of pluripotent stem cells (MSCs), this does not result in
complete resolution of the cyst,11and more advanced grafting is usually indicated, particularly with deep lesions. Multiple grafting techniques have been
developed and evaluated for their ability to accelerate and improve healing of a debrided SCL. Packing the lesion with autogenous grafts has also been
recommended. However, a study comparing healing of surgically-created subchondral defects filled with compacted cancellous bone grafts and defects that
were left alone showed no difference after 6 months.13Mosaic arthroplasty (autologous osteochondral grafting) has been studied as a potential treatment for
SCLs. Transplantation of osteochondral autografts was done in a clinical case series, in which grafts were harvested from the abaxial border of the medial
femoral trochlea of the unaffected limb.14Tricalcium phosphate (TCP) granules can be implanted in SCLs following transosseous curettage.15Before
implantation, granules are placed in a syringe, autologous whole blood is added, and a vacuum is applied for several minutes. Good results were reported with
this technique; however, the sample size was small.16Therapy with low-dose parathyroid hormone (PTH) analogues has become a popular treatment for
severe osteoporosis in humans because it has a strong anabolic effect on bone when administered systemically and intermittently. In a clinical case series of
15 horses that were lame because of an SCL at different anatomic locations, 11 became sound after debridement and filling of the lesions with PTH1-34, in a
fibrin hydrogel.17Autologous chondrocyte implantation (ACI) is the gold standard for repair of large cartilaginous lesions in people. In a recent study, showed
improved healing in the short- (8 weeks) and long-term (8 months) following implantation of autologous chondrocytes transduced ex vivo with a self-
complementary adeno-associated virus (AAV) overexpressing insulin-like growth factor-1 (IGF-1) in the equine femoral trochlea 18. More recent studies
examined the potential beneficial effects of bone morphogenetic protein (BMP)-2 for the repair of experimental equine osteochondral defects. In one study,
treatment with rhBMP-2 in 3 horses suffering from one or more SCLs in the pastern joint resulted in increased bone density, decreased cyst size and resolution
of lameness in all horses. Recently, 5-mm titanium spongiosa balls were used to fill SCLs at various anatomical locations after debridement. Because of its
high biocompatibility, titanium is considered the gold standard for dental implants in people. In conclusion, we believe that cystic lesions should be filled with an
appropriate material after curettage. Treatment of SCLs with curetting and filling is particularly successful in young horses. However, the ideal filling material for
subchondral cystic lesions has not yet been identified and we hope that more research will provide an answer in the not too distant future.
Third question: is drilling necessary?
 Several studies have shown that placement of a bone screw through or near an SCL improves bone healing. There are several possible explanations for this
phenomenon: Firstly, SCLs of the distal limb are often of traumatic origin and in almost 1/3 of the cases, concomitant fissure lines are seen when CT is
used.1J. Kümmerle and co-workers (2008) showed that a lag screw improves the healing of SCLs in the proximal phalanx,19and we were able to confirm this in
several clinical cases. In another study, placement of a bone screw at the medial aspect of the proximal radius resulted in a substantial reduction in, or
elimination of, lameness in 7/8 horses (88%).20We feel that lag screws would also support the healing of SCLs of the pedal and navicular bones, but this
procedure needs to be confirmed in clinical studies.
Santschi and co-workers showed in a series of studies that the insertion of a bone screw can improve the mechanical environment and promote bone healing.
2,21-23In one study, 20 horses with lameness attributable to an SCL in the medial femoral condyle were treated with a transcondylar 4.5-mm screw inserted in
lag fashion without debridement of the lesions. After 120 days, 15 of the 20 horses were sound and the size of the SCLs on two-dimensional images had
decreased by ≥50%.
Another possible treatment option is the combination of transcortical debridement, filling of the lesion with an appropriate material and placement of a
transcortical screw. In addition, we also recommend inserting a lag screw after debridement of the cystic lesion to stabilize any potential fissures associated
with the cyst.24
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Managing the manica flexoria injuries
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Injuries to the manica flexoria (MF) are a common cause of digital flexor tendon sheath (DFTS) tenosynovitis, particularly in cobs and ponies [1]. Diagnosis has
been facilitated by novel ultrasonographic techniques and contrast radiography with improved sensitivity and specificity [2; 3]. The two most commonly injured
structures are the MF and deep digital flexor tendon (DDFT) [4; 5]. MF tears usually occur in the hindlimb and tear at their medial attachment to the superficial
digital flexor tendon (SDFT) [4], in contrast to parasagittal tears of the DDFT which occur predominantly on their lateral aspect and in the forelimbs [6]. It is
generally accepted that tears of the MF require surgical management. Of course, without a 100% accurate pre-surgical diagnostic test, one can never be sure
how many MF tears are successfully managed conservatively. In the author’s opinion, it is the instability of a torn MF that perpetuates the tenosynovitis. During
surgery, and demonstrated with novel ultrasonographic techniques [2], the torn MF is usually thicker thereby making it more prone to becoming trapped in the
fetlock canal during fetlock extension. The majority of tears appear to initiate at their distal attachment to the SDFT and the resultant free border recoils
proximally. We have also seen biaxial tears with both medial and lateral attachments severed. In these cases, the MF recoils proximally becoming adhered to
the proximal aspect of the DFTS. This adherence appears to stabilise the MF and in these horses lameness can be mild. Nevertheless, a residual low-grade
lameness is likely with a persistent tenosynovitis and accompanying effusion.
Conservative management of MF tears should be considered if no pathology is identified during contrast tenography or ultrasonography, or if there are
insufficient funds for tenoscopic surgery. Conservative management will consist of rest with or without medication of the DFTS, usually with corticosteroid +/-
hyaluronic acid. Corticosteroid medication invariably improves both the synovial effusion and lameness, and this improvement may be sustained for many
weeks. However, with MF tears, lameness will usually recur and this will reinforce the case for tenoscopic surgery.
Digital flexor tendon sheath tenoscopy is usually performed with the horse in lateral recumbency with the affected limb uppermost. The author will routinely
place an Esmarch bandage proximal to the carpus/tarsus to reduce bleeding during surgery. The hoof is covered with a sterile glove and bandage before an
extremity drape is placed over the limb and fixed at the proximal metacarpus/metatarsus level. A palmar/plantar nerve block placed proximal to the DFTS
improves comfort during surgery and recovery.
Following distension of the DFTS with sterile lactated ringers via a distal portal an incision for the arthroscope is made in the resultant outpouching of the
DFTS, between the palmar/plantar annular ligament and proximal digital annular ligament. The incision is made adjacent to the neurovascular bundle slightly
palmar/plantar to the centre of this outpouching. Careful introduction of the sleeve and blunt obturator is essential to avoid iatrogenic damage to the underlying
SDFT and DDFT. The sleeve and obturator is first directed transversely across the DFTS before withdrawing and directing it proximally through the fetlock
canal into the proximal recess of the DFTS; the arthroscope is then inserted. If passage of obturator and sleeve is prevented or restricted by lack of space in
the fetlock canal a palmar/plantar annular ligament (PAL) desmotomy is performed under tenoscopic guidance. The instrument portal for this is made either
immediately proximal to the PAL or through it under visual guidance. The author uses a single use hook knife or a No.12 blade to perform the desmotomy.
Once a torn MF has been confirmed, the arthroscope is placed between the MF and the DDFT and an instrument portal is made ipsilaterally into the same
space. Again, the author uses a single use hook knife, which is bent forwards on itself to facilitate cutting the near border of the MF. The blade is introduced
and directed to the ipsilateral distal attachment of the MF to the SDFT. As most tears occur medially this first cut will usually be to the non-torn side. In the
author’s experience, this greatly facilitates this first cut compared to cutting the torn side first where torn fibres are in less tension. With the ipsilateral cut
completed an instrument portal is made at the level of the distal aspect of the MF, still on the ipsilateral side. This allows placement of an instrument to grasp
the unstable MF and subsequently apply traction to facilitate cutting the far (usually torn) edge. The blade is introduced once again through the proximal portal
and, with an assistant applying gentle traction, and the blade placed as far over the DDFT as possible, the far edge of the MF is cut, firstly proximally and then
transversely back towards the proximal instrument portal. Repositioning of the instrument applying traction may be necessary as the MF is freed from its
attachments. In the author’s experience, completely severing the MF from all its proximal areolar attachments can be difficult as the freed MF progressively
obscures visualisation. With the proximal instrument portal slightly enlarged, the MF can be exteriorised with any remaining attachments severed
extracorporeally.
The SDFT is inspected where the MF previously attached and any remaining fibres are removed using suction punch rongeurs or synovial resector. For
inspection and debridement of the far side of the SDFT, the arthroscope and rongeurs/resector are introduced between the SDFT and DDFT. All portals are
closed with nylon sutures before a 2-layer distal limb bandage is placed and the horse is recovered from surgery. Lameness is assessed 6 weeks post-
operatively.
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Conditions needing the use of internal fixation in the equine shoulder are uncommon. Specifically, supraglenoid tubercle, greater trochanter and scapular
fractures as well as arthrodesis are the main reasons why the equine surgeon will need to reach into his or hers ORIF knowledge and use different implants.
From 3.5 mm broad DCP to a 4.5 LCP, there might be an opportunity to use a variety of implants, although some smaller fractures may just be treated
conservatively or by removing the fractured fragment.
Supraglenoid tubercle fractures are the most commonly reported shoulder fractures in horses, but only a handful of references exist in the literature with
prognosis varying from poor to favourable depending on the treatment selected. More recently a new technique has been reported with excellent results.
However only 4 hoses were documented.
Greater trochanter fractures are even rarer and poorly described in the literature. Their treatment may range from removal of the fragment to internal fixation by
using a combination of cortical and cancellous screws and plates if the fragment and horse are large.
Scapular fractures occur also rarely (about 1.6 % of all fractures) but have great prognosis if stabilized and treated promptly if the articular surface is involved.
Arthrodesis of the scapulohumeral joint has been described in ponies, miniature horses and in an arabian yearling of 250 kg to treat ostearthrosis, shoulder
dysplasia and luxations/sub-luxations.  Overall they have a good prognosis for pasture soundness and in the authors opinion some kind of exercise such as
driving. The surgical procedure requires intraoperative radiographic monitoring and a good knowledge of the anatomy. A curvilinear incision is started about
mid-scapular level and made along its cranial aspect and continued on the most cranial aspect of the shoulder and humerus. The brachiocephalicus and
omotransversus muscles are transected and the supraspinatus muscle elevated from its scapular attachment taking care of preserving the suprascapular
nerve, that runs next to the craniodistal aspect of the scapula by retracting it with a penrose drain. The attachment of the biceps tendon to the supraglenoid
tubercle is transected and in larger animals the attachment of the supraspinatus may need also to be transected, but in smaller horses or foals this may not be
necessary. These transections will expose the joint capsule that is surrounding by periarticular fat that may be resected. The middle tubercle is then transected
with an osteotome or oscillating saw to flatten the cranial aspect of the intertubercular groove to facilitate plate congruency. The joint is accessed by a
distracting manoeuvre pulling the distal extremity or alternatively a rigid instrument can be introduced between the glenoid and the humeral head and use to
lever the joint and facilitate access to it with a large curette. Either a large curette or a large drill bit can be used to destroy as much of the cartilage as possible.
Once most of the cartilage has been removed, a plate (either a 4.5mm broad DCP or an LCP or a broad 3.5 mm) sized according to the size of the animal is
contoured, considering a final shoulder angle of approximately 120 degrees. At least two transarticular screws must be placed across the joint and the author
prefers at least 4 screws on each side of the joint. This makes for at least a 10 hole plate. If an LCP must be applied, the transarticular screws should be
placed first, as the locking screws cannot be angled enough to provide adequate placement. However if proper contouring and alingment of the plate is
produced, then it is possible that the transarticular screws could also be locking screws. A third alternative is to use the combi-hole of the LCP and cortical
transarticular screws placed through the plate although one must remember that an angulation of only 10 degrees is possible through the combi-hole of a 4.5
mm plate.
If a longer plate is used in the humerus, one has to identify and avoid the radial nerve that crosses from medial to lateral, approximately through the mid
humeral diaphysis.
Once the plate is in place the biceps and supraspinatous are sutured back to its insertions with monofilament suture and the muscle layers closed in apposition
trying to close as much dead space as possible. The skin is suture with an interrumpted pattern and a stent bandage is applied. The horse needs 4 months of
rest prior to initiating any activity that will start with controlled hand walking taking 3 to 4 months to return to full physical activity.
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Introduction
 Post anesthetic pulmonary edema (PAPE) is a poorly reported life-threatening pathological condition in horses. One of many potential causes for PAPE is
upper airway obstruction. Our goal was to determine risk factors and short-term outcome for PAPE in horses.
  
Materials & Methods
 Medical records of clinical cases of PAPE and controls over a period of 4.6 years were reviewed. Analysis was performed using the IBM Statistics SPSS. 
  
Results
 Seventeen cases and 54 controls were recorded. The prevalence of ascarid impactions in PAPE cases was significantly higher than in controls (P=0.026).
Gastric reflux on admission and bleeding during anesthesia were significantly more prevalent in the PAPE cases (P=0.015 and P=0.042, respectively). Total
solids and sodium levels before anesthesia were significantly lower within PAPE cases (P=0.022 and P=0.025, respectively). Treatment with intravenous
crystalloids before admission was significantly higher in PAPE cases also (P=0.006). Horses treated with colloids, including fresh frozen plasma (FFP) and
hydroxyethyl starch, were more likely to suffer from pulmonary edema (P= 0.001 and P= 0.032, respectively). Gastric reflux on admission (OR=4.8), FFP
treatment during anesthesia (OR=5.26) and crystalloid treatment before admission (OR=5.26) were  predictive factors for PAPE. There was no significant
difference in outcome between cases and controls.
  
Discussion / Conclusions
 Gastric reflux is a strong predictive factor for PAPE and should be taken into consideration during anesthesia. Plasma may cause transfusion-related acute
lung injury, as reported in humans. Parascaris equorum may be associated with PAPE due to presence of pneumonia. The small number of cases reported
limits data interpretation. Clinicians should consider factors, associated with PAPE, in order to prevent this syndrome.
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Introduction
 Timely surgical treatment of infected joints is important. The diagnostic value of positive contrast radiography (PCR) in the work-up of suspected synovial
infection (SI) in horses with limb wounds near synovial structures has yet to be systematically evaluated. The objective of this study was to determine the
specificity, sensitivity and predictive values of PCR for identification of SI in horses with limb wounds.
  
Materials & Methods
 Records of horses presented between 2010 and 2015 with limb wounds in close proximity to synovial structures were analysed. Synovial fluid cytology was the
gold standard to categorise synovial structures as infected or non-infected. PCR results were compared between infected and non-infected groups. Sensitivity,
specificity, positive and negative predictive values of PCR were calculated.   
  
Results
 Fifty horses with 66 synovial structures were investigated. PCR had a high specificity (86.4%), but only a moderate sensitivity (59.1%) for identification of SI. A
low positive predictive value (68.4%) and a high negative predictive value (80.9%) were observed.
  
Discussion/Conclusions
 PCR should be used for the investigation of potential SI in horses with limb wounds, particularly if no synovial fluid for laboratory analysis can be obtained.
However, it appears that PCR is best used in combination with other tests to ensure a correct and timely diagnosis is made. Sensitivity, specificity and
predictive values differ between different synovial structures and cases. As sensitivity and specificity of PCR may be influenced by technique and
characteristics of individual cases, different conclusions could be drawn from results in different populations.
Stream: LA   |   Session: General Short Communications 
Date/Time: 05-07-2019 (17:00 - 17:15)   |   Location: BCC: BARTOK I-II
Back to contents
Arthrodesis of the Equine Proximal Interphalangeal Joint: A
Biomechanical Comparison of Two Different Systems
Containing an Axial Locking Compression Plate and Two
Abaxial Transarticular Cortical Screws
Vidovic AV1, Jansen DJ1, Schwan SS2, Goldstein AG2, Ludtka CL3, Brehm WB*4
1Equine Clinic St. Georg, Trier, Germany, 2Fraunhofer Institute for Microstructure of Materials and Systems IMWS, Halle, Germany, 3University of Tennessee
Health Science Center, Memphis, TN, USA, 4University of Leipzig, Faculty of Veterinary Medicine, Leipzig, Germany.
 
Introduction
 The aim of this study was to compare the mechanical stability and surgical usability of two locking plate systems (Kyon ALPS-20 and Synthes LCP system) for
equine PIJ arthrodesis.
  
Materials and Methods
 This was an experimental ex-vivo study using six pairs of distal limbs from adult Warmblood horses (n = 12). Of the 12 limbs collected, 3 left and 3 right distal
limb specimens were randomly assigned to each system for implantation. Two abaxial 4.5-mm cortical screws were inserted transarticularly in all cases. Both
systems were implanted according to the manufacturer’s instructions. The LCP systems were implanted axially using two 5-mm locking screws in the proximal
and distal positions, with a standard 4.5-mm cortical screw inserted in the middle position. The ALPS-20 systems were implanted using Kyon B-6.4-mm
monocortical locking screws in all positions. Uniaxial mechanical loading was applied via a servohydraulic test system at a test speed of 50 mm/s, up to a
maximum displacement of 80 mm. The resulting load-displacement curves were used to calculate yield point, stiffness, and maximum force for each construct.
  
Results
 Mechanical properties were not significantly different (P<0.05) between the two systems across all parameters measured. The ALPS-20 implants did not
deform, whereas LCP´s showed deformation in the long axis. Complete failure of the LCP was seen in two cases.
  
Discussion / Conclusions
 The ALPS-20 demonstrates comparable mechanical properties to the LCP system in the present study’s ex-vivo test model for equine PIJ arthrodesis. The
Kyon ALPS-20 may be a good alternative to the Synthes LCP for equine proximal interphalangeal joint arthrodesis.
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Introduction
 The introduction of standing computed tomography (CT) is progressively replacing  diagnostic procedures performed under general anaesthesia. However, the
availability of this equipment is limited and there are clinics where only magnetic resonance imaging is available. Although magnetic resonance is less sensitive
for evaluating the skull and dental structures, it has an important role in the diagnosis of sinonasal diseases. The objective was to compare the diagnostic
information obtained from complete vs. short magnetic resonance protocols of different head diseases in terms of surgical planning. 
  
Materials & Methods
 This was a retrospective study. Inclusion criteria included horses with dental and sinus diseases that underwent magnetic resonance examination. Fifteen
horses met the criteria;  5 horses underwent a short magnetic resonance protocol and 10 underwent a long magnetic resonance imaging protocol.
  
Results
 The results demonstrated the feasibility of performing a short magnetic resonance imaging protocol and a subsequent surgical procedure under the same
anaesthetic. The information obtained from the images was sufficient to identify the cause of the clinical signs, determine paranasal sinus involvement and
extension of any disease. The T1W gradient-recalled echo sequence with thin slice thickness and 50% slice overlap in the short protocol allowed multiplanar
reconstruction of the maxillary and mandibular arcades to be performed, improving the evaluation of dental structures.
  
Discussion/conclusions
 Use of a short magnetic resonance protocol is useful as a surgical planning tool for dental and sinonasal diseases in horses when CT is not available. It also
allows subsequent surgery to be performed under the same same anaesthetic without significantly increasing anaesthesia time.
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Introduction
 Prosthetic laryngoplasty is the most commonly performed surgical procedure to stabilize the arytenoid cartilage (AC). To our knowledge no previous studies
have been performed to assess the degree of abduction of the AC when applying stress reducing washers (SRW). We hypothesized that the SRW would
achieve similar abduction of the AC for a given force when compared to the standard braided suture.
  
Materials and Methods
 Three constructs [10mm diameter SRW with a 2.2 mm wide nylon cable tie; 6 mm diameter SRW with a 2.2 mm wide nylon cable tie; and #5 braided polyester)
were mounted in a caudomedial to craniolateral orientation on the left AC in 15 grossly normal larynges. Forces of 0N, 5N, 10N, 15N, 20N and 25N were
applied caudally. The left to right quotient angle ratio (LRQ) was measured for each force and statistically compared between constructs.
  
Results
 No cartilage failure was seen for any construct at any applied force. No significant differences were found between the three tested constructs. There were no
differences between the 2 SRW at any load throughout the study (P>0.05).
  
Discussion/Conclusion
 Use of STR in the AC should be further explored in in-vivo. The adjustable nature of the constructs with STR tested in the current study could facilitate re-
tightening in case of post-operative loss of abduction. Limitations are associated with image analysis in two dimensions. Both STR showed similar properties to
the suture prosthesis commonly used. Further in-vivo studies are warranted to assess the ease of mounting these constructs in live horses.
Stream: LA   |   Session: General Short Communications 
Date/Time: 05-07-2019 (17:45 - 18:00)   |   Location: BCC: BARTOK I-II
Back to contents
Evaluation of the significance of arthropathy of the cervical
facet joints in horses
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Introduction
 The clinical significance of diagnosing “cervical facet arthropathy” (CFA) on radiographs in horses is undetermined and there is limited literature investigating
the prevalence of this arthropathy in clinically normal horses.
  
Materials & Methods
 Medical records of all horses that received cervical spine radiographs and were diagnosed with cervical facet arthropathy were reviewed. Horses were included
in the study if ultrasound guided treatment of CFA was performed and clinical signs of CFA were present. Each horse from the treatment group was matched
by age, sex, breed, and sport performed with a healthy actively competing mature horse. Control horses were examined for lameness and neurological health
and cervical radiographs were taken. Two board-certified radiologists, blinded to group, reviewed the cervical spine radiographs for each horse and measured
intra- and inter-vertebral ratios. CFA was graded as previously described on a scale of 1 to 5.
  
Results
 No significant difference was found between treated (n=30) and control group (n=30) for the degree of articular facet osteoarthritis present on radiographs or
neck stiffness, or atrophy present on clinical examination. Right front lameness grade differed significantly between the control and treatment groups, with
higher grades being more likely to be found in treated horses and in treated horses with smaller inter-and intravertebral ratios. Following intra-articular
corticosteroid treatment, 62% of horses returned to their previous level of performance.
  
Discussion / Conclusions
 Mild CFA is present in the cervical spine of both healthy horses and horses presented for clinical signs of CFA. Dressage horses are more affected than other
breeds.
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Updates on techniques and equipment for equine
laparoscopy in the year 2019
Hendrickson DA*
Colorado State University, Fort Collins, USA.
 
Equipment
 The adaptation of human laparoscopic equipment for use in the horse continues. Retrieval bags, staples, suture devices, barbed suture, radio-frequency
devices and mono-polar electrosurgery are commonly used in equine laparoscopy. The main detriment to all of these modalities is the cost associated with
their use. As the cost increases, clients must be willing to sustain the expense associated with their use. The biggest changes in the past few years are the use
of barbed suture, especially in automated suturing devices such as the EndoStitch. The barbed suture allows suturing of intra-abdominal structures without the
need to tie intracorporeal knots. This is a significant benefit as intracorporeal knots can be challenging, even for the experienced laparoscopist. Mono-polar
electrosurgery can be easily used in the standing animal. This technique can be valuable for adhesiolysis and hemostasis.
Techniques
Ovariectomy
 In 2017, Colbath, et.al. published a report on removing both ovaries from the left side of the abdomen. The performed a bilateral ovariectomy on 12 mares from
the left flank. The approach used 4 portals, one for the telescope and 3 for instruments. A fan retractor was used to hold the small colon and mesocolon
dorsally to provide access to the right ovary. The ovary was splash blocked and the pedicle was infiltrated. A LigaSure device was used to amputate the right
ovary. The right ovary was then held with an acute claw grasper and the left ovary removed after infiltration of the left ovarian pedicle. Both ovaries were
removed from a single enlarged incision in the left flank. The technique requires two surgeons with laparoscopic experience but can be successfully performed.
The time for the procedure decreased with experience. Devick reported a left sided approach where a defect was made in the mesocolon, the right ovary
ligated and the hole in the mesocolon closed with staples. In study by Easley in 2018, they evaluated the intra-abdominal temperature of LigaSure tip during
unilateral laparoscopic ovariectomy in 15 healthy mares. The surgical time for the unilateral ovariectomy was 30 minutes. The vessel sealer was used for an
average of 4.1 minutes during the procedure. The tip of the vessel sealing device reached an average of 77oC during activation and had an average
temperature of 64oC at the end of the procedure. While the temperatures observed were high enough to cause thermal burns, complications during surgery
were minimal. It appears that the surgeons should be careful to keep the tip of the vessel sealing device away from other structures during the surgical
procedure and that the tip of the vessel sealing device should be kept in the field of view at all times. In 2018 Koch, et.al. described the effective use of a
splash block for equine unilateral ovariectomy. The splash block with mepivacaine HCL was compared to infiltration of the ovarian pedicle. This was a double
blind, prospective, study. A visual analog scale was used to evaluate the effectiveness of each of the local anesthetic techniques. There was no statistical
difference in the VAS scores between surgeons or between techniques.  It is possible to desensitize the ovary with a splash block in horses that do not tolerate
mesovarium infiltration during standing laparoscopic ovariectomy. Lawless et.al., in 2019 compared the use of detomidine HCL and Romifidine HCL for
sedation during standing ovariectomy in the mare. In both drugs, a constant rate of infusion was performed to minimize variability. In most cases, surgeons us
a continuous infusion of sedation. There were no differences in VAS scores or movement parameters as evaluated with an inertial sensing device.
Cryptorchid
 In 2017, Sassot described a technique for using morcellation for the extraction of testes in stallions undergoing standing laparoscopic cryptorchidectomy. They
used morcellation in 30 client-owned horses to extract the abdominal testis in a two-portal technique. The morcellation allowed the surgeons to minimize portal
numbers and size during the procedure. There were no incisional or morcellator related complications. They also described the use of a vessel sealing device
to remove the blood supply and the mesorchium from the scrotal testis with subsequent scrotal removal of the testis in the standing horse. This technique
allowed a tension-free removal of the testis without any operative or incisional complications. Rijkenhuizen and van der Harst described the combination of
standing laparoscopic castration without orchidectomy along with intra-abdominal sealing and transection of the spermatic cord in the scrotal testis followed by
an open standing castration. They performed surgery on 15 client-owned animals. The spermatic cord and vasculature of the abdominal testis was ligated with
an encircling ligature and the testis left to undergo avascular necrosis. The results were similar to the Sassot paper. Bracamonte and Thomas reported
retrospectively on the use of a vessel-sealing device in dorsal recumbent horses in 2017. The study included 43 horses undergoing laparoscopic
cryptorchidectomy. They withheld food for 36 hours prior to surgery and placed the horses into dorsal recumbency under general anesthesia. They used a
vessel sealing device for hemostasis and transection of the abdominal testis. In cases where a scrotal testis was present, they removed the descended testis
with a closed castration and primary closure of the scrotal incision. There were no short-term or long-term complications.
Bladder
 There have been several recent reports of laparoscopic bladder surgery. In 2017, Major, et.al. evaluated ex vivo bladder repair with a single or double-layer
closure with barbed sutures. There was no difference in bursting pressure with either the unidirectional or bidirectional suture or with the single layer or double
layer closure. All suture closures were weaker than the intact bladders. Duffy et.al. evaluated the influence of barbed suture on leak pressures after double-
layer inverting closure of cystotomy sites in sheep. There was not difference between the barbed suture and the non-barbed suture. Duffy et.al. also compared
single and double-layer closure in sheep with barbed and non-barbed suture. In this study a double layer closure was superior to a single layer closure,
irrespective of barbed or non-barbed suture use.
NSSA
 Gandini et.al. described the use of barbed suture in eight horses for nephrosplenic space ablation in 2017. In all horses the barbed suture allowed secure
closure of the nephrosplenic space and eliminated the need for intracorporeal knot tying.
Abdominal Surgery
 Jones et.al, in 2017, described a technique to evaluate the small intestine in the standing horse under laparoscopic guidance. They evaluated the technique in
5 healthy adult horses. The evaluation small intestine was successful in all horses and took an average of 39 minutes. There were no complications during
surgery and the only abnormality notes was multifocal petechiae and ecchymosis in all horses at 2 weeks. These abnormalities were resolved by 2 months in
the two horses undergoing celiotomy. The other 3 horses were normal at the 8-month follow-up.
Assisted Reproduction
 In 2018, Pye et.al. published a report transecting restrictive bands over the mesosalpinx along with the use of PGE2 for mares with suspected uterine tubal
blockage. The procedure was performed in 9 mares using standing laparoscopy. Eight of the nine mares conceived. Inoue and Sekiguchi described the use of
hysteroscopic hydrotubation in mares. They used a flexible scope and a catheter placed into the uterotubal junction to flush the oviduct. Laparoscopy could be
used in combination with this approach to evaluate the fluid flushing from the oviduct.
Training
 Finally, in 2018, Elarbi et.al. published a report on the use of a simulation model for laparoscopic ovariectomy in standing horses. They showed that the skills
developed using standard human laparoscopic training models did not exactly equate with skills needed for standing laparoscopic surgery in the horse.
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Laparoscopic closure of the vaginal ring in adult stallions
to prevent strangulated indirect inguinal herniation (SIIH).
Wilderjans H*
Bosdreef Equine Hospital, Moerbeke Waas, Belgium.
 
Closing the vaginal ring in stallions is indicated in those stallions that were treated for a SIIH without being castrated.
In our caseload, only 24% of the stallions treated for a SIIH are castrated. The majority of those castrated stallions are not castrated for medical issues related
to SIIH but castration is requested by the owner because of behaviour problems and/or not being good enough to be accepted as a stallion in the Belgian
Studbooks.
Between 2000 and 2015, 165 stallions were treated for a SIIH at our hospital and 102 horses were discharged from the hospital without being castrated. Those
stallions are at risk of re-herniation within the following month or years and laparoscopic closure of the vaginal rings is recommended to the owner.
Closure of the vaginal ring can only be performed laparoscopically and a couple of techniques have been described over the last 20 years 1-4.
What did we learn over the last 20 years ?
Closure of the entire vaginal ring (also the caudal part) is mandatory to minimize the risk of re-occurrence.
Foreign material (mesh plugs) within the inguinal canal should be avoided. Fibrotic reaction around blood vessels and nerves can cause fertility,
testicular atrophy and chronic groin pain.
A tension free closure of the vaginal ring should be the aim in sport horses (athletes).
A hernioplasty (covering the vaginal ring) is recommended over a herniorraphy (suturing/stapling)
In large vaginal ring (> 6 cm) a peritoneal flap hernioplasty may not be strong enough and a mesh hernioplasty should be considered.
A detailed topographic knowledge of the inguinal anatomy is lacking. This knowledge is needed to operate safely in the danger zone, the area caudal to
the mesorchium and this to avoid chronic groin pain caused by vascular and neurological damage during surgery.
During the lecture the peritoneal flap and mesh herniorraphy will be demonstrated and the results compared.
Since 2015, 17 stallions were treated with a standing laparoscopic mesh hernioplasty to reduce the risk of recurrence of a SIIH. No re-occurrence has been
reported until now. Seven of the 17 stallions had a laparoscopic evaluation of the vaginal ring closure, 4-6 weeks after surgery showing nice fibrous
incorporation of the mesh within the peritoneum, good closure of the vaginal ring and no adhesions of intestine or bladder against the mesh.
Standing laparoscopic peritoneal flap hernioplasty has been performed on 48 stallions between 2004 and 2015 and the recurrence rate after complete
closure of the vaginal ring is 8 % (minimum 3 year follow up).  We attribute the recurrence of SIIH after a peritoneal flap hernioplasty to excessive movement of
the stallion the first 2 weeks after surgery causing partial flap dehiscence and to the size of the vaginal ring. A peritoneal flap might be too fragile and prone to
damage when used to cover large vaginal rings (> 6 cm).
Conclusion
 A standing laparoscopic mesh hernioplasty should be considered over a peritoneal flap hernioplasty for secure closure when dealing with large vaginal rings (>
6 cm) in adult stallions.
End result of a standing laparoscopic mesh hernioplasty in an adult stallion.
Laparoscopic view of the left vaginal ring 4 weeks after a standing laparoscopic mesh hernioplasty showing good closure of the vaginal ring. The mesh is fully
covered with fibrous tissue. Adhesions where not noticed.
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Closure of normal and abnormal abdominal openings part
II: epiploic foramen and mesenteric rents
Van Bergen T*1, Wiemer P2, Martens A*3
1Clinique Equine d'Acy-Romance, Acy-Romance, France, 2De Lingehoeve Diergeneeskunde, Lienden, Netherlands, 3Ghent University, Merelbeke, Belgium.
 
Epiploic foramen
 The epiploic foramen(EF) is defined as “the opening from the greater peritoneal sac to the omental vestibule that passes between the caudal vena cava
dorsally, the portal vein that is included in the hepatoduodenal ligament ventrally, the caudal lobe of the liver cranially, and the pancreas caudally”. This slit-like
opening is called the “Winslow foramen” in human literature, named after the French-Danish doctor and anatomist Jacob alias Jacques-Bénigne Winslow
(1669-1760) who first described this enigmatic structure.
Large case series of intestinal herniation through the foramen of Winslow are lacking in human literature as this condition is very uncommon in man.Due to the
lack of recurrent cases in human literature there is some discussion between authors on whether the Winslow foramen should be surgically closed after
reduction of entrapped intestines to avoid recurrence of the condition. However, in light of the severity of the condition, closure of the Winslow foramen with
sutures at the end of the laparotomic procedure has recently been recommended.
In horses the condition has been called Epiploic foramen entrapment (EFE). This life-threatening condition is much more prevalent in horses compared to
humans and other mammalian species and is encountered in about 5 to 8% of the surgically treated equine colic patients.Windsucking/crib-biting has been
identified as an important factor related to the development of EFE. Epiploic foramen entrapment has been associated with high rates of morbidity and
mortality.
Recurrence of EFE has been reported in horses between 2 and 14%. Relatively low recurrence rates despite strong risk factors may be explained by the
spontaneous closure of the EF after EFE due to the induced inflammation and subsequent serosal adhesions at the level of the EFand omental vestibule. Such
spontaneous closure of the EFafter surgical correction of EFE occurs in about 30-40% of the cases.Recurrence of EFE is excludedin horses where the EF
closes spontaneously. This means that horses without spontaneous closure have considerably more chance for recurrence of EFE compared to the whole EFE
population, especially if this horses are windsucking or crib-biting horses. Unfortunately, till jet, it is only possible to confirm spontaneous closure of the EF after
EFE by performing a diagnostic laparoscopic procedure.
Recently techniques were described to close the EF preventing intestinal EFE. Colleagues from Auburn University (Alabama, USA) described a technique to
close the EF during a right flank standing laparoscopy by means of 4 to 10 helical titanium coils placed between the gastropancreaticfold and the caudate lobe
of the liver in 6 experimental horses (Munsterman et al., 2014). The described technique resulted in EF closure with a thin fragile tissue fold in 5/6 of these
experimental horses and in partial closure in the sixth horse. Although not reported by those authors, vascular damage by coil penetration could be a possibility
as visualization of the hepatic artery cannot clearly be achieved in every horse and is largely dependent on the amount of fat surrounding this vessel.
After gathering 3D insights and dimensions of the EF we developed a 3D mesh-construct that could be introduced into the omental vestibule through the EFby
means of a standing right flank laparoscopy. The diabolo-shaped 3D-mesh constructstays in place whit its smallest part at the level of the portal vein without
additional methods of fixation thanks to its 3D configuration. Laparoscopic instrumentation was developed that allowed the diabolo-shaped mesh construct to
be introduced into the EF through a right flank standing laparoscopic procedure. The laparoscopic technique was first performed on 6 experimental horses and
consistent closure of the whole EFand omental vestibule with dense fibrous tissue was demonstrated. During the first clinical cases we detected that the EF
closes spontaneously after a colic surgery for EFE in about 30-40% of the horses. Bearing this in mind, we proposed laparoscopic inspection of the abdomen
about 1 month after colic surgery for EFE to verify the state of the EF, and at the same time, to close the EF by means of the diabolo-shaped mesh construct
when the EFappeared open during this inspection. This approach was of particular interest for horses that were crib-biting or windsucking. Until today 32
horses underwent the laparoscopic procedure in several private and university institutions without major complications. In 10 (31%) of these cases the EFwas
spontaneously closed. In 22 (69%) of the horses the mesh-construct was introduced into the EF.
From a technical point of view it is important to restrain horses in a stock that allow ample manipulation of a long laparoscope and applicator tube on the right
hind part of the stocks as these instruments need to be pointed cranially.
Before mesh preparation we perform a quick laparoscopic inspection of the region of interest to avoid mesh preparation in cases where the EF has
spontaneously closed. It is very important to create the laparoscopic portal rather ventrally midway between the last rib and the tuber coxae in the ventral half
of the palpable crus of the internal oblique abdominal muscle to avoid interference between the laparoscope and the tuber coxae while directing the
laparoscope cranially. A long ( 58 cm) 30° angulated laparoscope has to be used. The angulation of the laparoscope is very important to maintain the
applicator tube into the visual field while positioning the mesh-construct, as the length of the laparoscope and the applicator tube combined with the rather
close location of the portals limits the amount of triangulation. After laparoscope introduction into the abdomen the surgical team should wait until full
insufflations of the abdomen before advancing the laparoscope cranially between the caudate process of the liver on the right and the mesoduodenum on the
left into the direction of the EF. If the abdomen is not enough insufflated, the pathway towards and the EF itself is collapsed and correct interpretation of the
anatomy is not possible. Once the abdomen is fully insufflated, the laparoscope can be directed cranially between the caudate process of the liver and the
mesoduodenum to inspect the EF. If the EF is spontaneously closed with dense fibrous tissue the surgery stops here. In a few cases, we encountered very
fragile adhesions at the level of the EF. This fragile adhesions were easily broken down while manipulating them slightly with the laparoscope and a mesh was
introduced in this cases.
Next, the mesh-construct should be prepared. Two pre-formed oval shaped knitted polypropylene meshes (3DMax Mesh, BardDavol Inc., Warwick RI, USA)(10
x 15 cm), used for laparoscopic inguinal hernia repair in man are used to prepare a diabolo-shaped implant to obliterate the EF. The first mesh is grasped with
a toothless DeBakey tissue forceps on its smallest diameter. The forceps is twisted 270° and subsequently withdrawn. The reason why a DeBakey tissue
forceps should be used is that withdrawal is not possible when using a forceps with teeth at its end. Finally the enrolled part of the mesh is retained and double
folded on its longest diameter. The resultant pyramidal configuration is kept in place with a 2-0 polyglactin 910 (Vicryl) horizontal mattress suture on the tip of
the pyramid. The second mesh is prepared in the same manner and finally the tips of the 2 pyramids are secured together with an additional 2-0 polyglactin
910 (Vicryl) horizontal mattress suture. The resultant diabolo configuration of the mesh should be foldable and recover its original diabolo-shaped configuration
after manipulation (diameter: 10 cm, length: 10 cm). A 2.5 m long USP 2 polyglycolic acid wire (Surgicryl)  is passed through on one side of the implant to
serve as a security line to prevent loss of the implant into the abdomen or to correct a too deep mesh placement into the omental vestibule.
Once the implant prepared, the single instrument portal should be created approximately 10 cm ventral to the laparoscopic portal. A 4 cm skin incision is made,
muscles are separated bluntly in the direction of their fiberpatern and the peritoneum is penetrated with a secured trocar. After removal of the secured trocar a
stainless steel tube (applicator tube) (length 68 cm, diameter 2 cm) slightly curved on its endwith a blunt trocar in place is introduced through the instrument
portal and directed into the EF under laparoscopic guidance. The applicator tube has to be manipulated by the surgeon while laparoscopic guidance is
performed by the assistant. Once the tube is in place, the blunt trocar is withdrawn and the diabolo-shaped implant is folded on its longitudinal axis and
introduced in the applicator tube. A custom made ring covered with a perforated piece Eshmar bandage was placed on the end of the applicator tube to avoid
loss of pressure and subsequent decreased visualization between the manipulations during the first laparoscopic procedures. This valve system was
abandoned later on without significant problems simplifying the mesh application. With a polyoxymethyleneflexible pushing device (100 cm long) the diabolo-
shaped implant is pushed through the applicator tube. Under laparoscopic observation the implant is introduced into the omental vestibule. Once the implant is
almost completely out of the applicator tube, the applicator tube is withdrawn over the pushing device which kept the implant at its predetermined location,
leaving 1 cm of the implant protruding through the EF into the abdominal cavity. In this position the smallest middle part of the diabolo-shaped implant is
located at the level of the portal vein. After a final verification of the correct position of the implant the security line is withdrawn and the applicator tube with
pushing device are removed from the abdomen. Portals are closed in 2 layers (subcutis and skin) with USP 2-0 polyglactin 910 (Vicryl).
Advantages of the 3DMax mesh for use in the diabolo-shaped mesh construct, compared to the traditional polypropylene mesh (Prolene), are its curved shape
together with its sealed edge giving the mesh additional 3D memory which helps the mesh-construct recover its original shape after application through a
custom-made 2 cm diameter applicator tube. Diabolo-shaped mesh construct folded out of traditional polypropylene mesh do not have enough memory to “pop
open” after the passage through the applicator tube and do not stay in place after application through the EF into the omental vestibule.
Sometimes it is difficult to remove the security line after correct mesh application. It is important to keep the applicator tube and the pushing device in place
against the mesh-construct to avoid pulling the mesh-construct out of the EF while pulling for removal on the security line to avoid pulling the mesh-construct
out of the EF. The security line is important to have some control on the correct mesh positioning pushing with the pushing device and keeping tension (pulling)
on the security line. Additionally, in the rare case the mesh construct falls out of the EF into the abdomen while positioning the mesh-construct, the security line
provides a very easy tool for safe mesh retrieval. If the mesh construct is placed to deep into the omental vestibule and glides into the omental bursa (this
happened once during one of the first procedures) the mesh-construct can be cached with a laparoscopic forceps placed between both last ribs though the EF
and omental vestibule into the omental bursa.
Right flank laparoscopic procedures always carry a risk for incidental caecal puncture during first trocar introduction. In our clinical cases this happened once.
The puncture hole was closed intra-abdominally and we proceeded with the mesh placement. Foreign material application into the EF did not seem to be
problematic after slight abdominal contamination due to caecal puncture as this horse recovered well from the surgery.
The gathered laparoscopic experience comforted us with the idea that it should be doable to apply the 3D diabolo-shaped mesh construct into the EFduring the
initial colic surgery for EFE through the ventral midline laparotomy. However, we had concerns in regard of the feasibility of correct mesh introduction without
visual control, the stability of the mesh construct during recovery from general anaesthesia and septic problems introducing foreign material into the abdomen
during a clean contaminated procedure. The technique was therefore first performed on 6 experimental horses that were brought under general anaesthesia
and on which a colic procedure was mimicked. Mesh introduction was uneventful and the meshes remained nicely in place resulting in dense closure of the EF
and omental vestibule with fibrous tissue comparable to the laparoscopic technique.
We have applied the diabolo-shaped mesh construct during the initial colic surgery for EFE in 8 clinical cases till now. Two of this horses underwent
jejunoileostomy, 1 underwent jejunojejunostomy, 1 a pelvic flexure enterotomy and 4 horses did not undergo an enterotomy or enterectomy. Six of this 8 horses
left the hospital and are doing well at the moment. One of the 2 horses that died in the post-operative period was euthanized due to ongoing POR unrelated to
the mesh (necropsy performed) and the other was euthanized due to a severe radial nerve paralysis 2 days after surgery. This last horse had a very agitated
recovery due to the paralysis. Despite this agitated recovery, the mesh-construct was still perfectly in place on necropsy giving additional support for the
fixation free 3D meshing technique.
Our current approach is that surgeons comfortable with the technique apply the mesh-construct immediately during the initial colic surgery for EFE in horses
that underwent a smooth and relatively clean surgery, whether an intestinal resection was performed or not. If the surgeon involved is less comfortable with the
technique, or if the specific case bears a less good prognosis, mesh application is postponed and, if the horse survives the post-operative period, a
laparoscopic mesh application is proposed about 1 month after the colic surgery.
Mesenteric rents
 Mesenteric rents are uncommon cause of intestinal strangulation in horses. They account for 1.7% of horses undergoing surgery for colic signs or 3-5% of all
surgical colic cases with small intestinal lesion identified at surgery. Mesenteric rents can be of traumatic or congenital origin. Several rents are secondary to
other intestinal lesions putting weight on the mesentery as for example ascarid or ileal impactions. The periparturent period in multiparous mares seems to be
at risk for the development of intestinal entrapment in mesenteric rents. Trauma to the mesenterium could occur do to movements of the fetus during the last
months/weeks of pregnancy or during parturition. Iatrogenic rents can be left during colic surgery for another intestinal problem. Tears can occur while
manipulating distended intestines or mesenteric suturing after anastomosis techniques could be performed in a suboptimal way.
Tears occur most often at the junction between the mesoduodenum and the proximal mesojejunum with small intestines passing through the rent. Recently a
case was reported where the large colon and caecum passed through a mesoduodenal rent (Cypher et al. 2018).
After repositioning the involved intestines and treating them according to their condition (decompression, resection,…), the mesenteric rent should be closed to
avoid reoccurrence of the condition. If the mesenteric rent is not closed, recurrence of the condition is likely to occur. Due to the very dorsal extension and the
close proximity of mesenteric vessels it is sometimes difficult or impossible to completely close the rent during the ventral midline laparotomy.
If closure of the mesenteric rent cannot be achieved during the ventral midline laparotomy standing laparoscopic mesenteric rent repair should be considered
24 to 48h after recovery from colic surgery before food reintroduction. Emptying the colon during the initial colic surgery could be beneficial to increase
intraabdominal laparoscopic visualization rapidly after colic surgery. Left or right flank standing flank approach could be selected based on findings during the
initial colic surgery, but due to the frequent involvement of the mesoduodenum and due to the nice approach of the small intestine from the right flank it could
be helpful to start with a right flank approach. Indeed, the whole small intestine including its mesentery can be systematically inspected starting at the
duodenum working up aborally, using two atraumatic laparoscopic instruments, toward the ileum. Once the rent identified it should be closed. Intracorporeal
laparoscopic suturing and knotting of long mesenteric rents is difficult and time consuming. A 32 cm long reusable clip applier (Karl Storz Veterinary
Endoscopy) was used to close a mesoduodenal rent applying 6.2mm, 12.5mm closed (LD400, Ethicon) stainless steel hemostatic clips at 1 cm intervals
(Sutter and Hardy, 2004). Different kind of human stapler and tacking devices that are on the marked are probably not very handy for equine mesenteric rent
repair. However, the use of the 38 cm long Endo Stitch Automatic Endoscopic Suturing Device (Covidien) in combination with an USP 0 braided synthetic
absorbable suture mounted on the centre of a 9 mm long needle, sharp on both ends, could be used easily as was described in a recent case report (Cypher,
2018).
Case management can be some more challenging in particular situations. While waiting 48h after colic surgery before attempting standing laparoscopic closure
of a mesojejunal rent in a horse, this horse started to show signs of mild abdominal pain (Witte et al. 2013). Prompt laparoscopic surgery was performed.
Manipulation of the distended small intestines with a 10 mm, 32 cm long laparoscopic Babcock forceps via right flank approach was considered very difficult.
The instrument portal was extended in a modified grid pattern and the dominant hand of the surgeon was introduced into the abdomen. Abdominal exploration
confirmed re-entrapment of 50 cm small intestine through the mesenteric rent. The entrapped intestine was manually removed from the rent under
laparoscopic guidance. The mesojejunal rent was extending radially straight to the mesenteric root. The rent was manually sutured under laparoscopic visual
control with a large USP 3 polyglactin 910 suture. This large suture (and needle) size was necessary to suture the rent with 1 hand. It was impossible to avoid
the incorporation of mesenteric vessels, but this vessel incorporation was without consequences as the tension on the suture was minimized (Witte et al.
2013).
Another particular situation arises when an intestinal entrapment though a mesenteric rent occurs during pregnancy and the gravid uterus precludes access
toward the mesenteric rent during initial colic surgery and the uterus interferes with a possible standing laparoscopic closure of the mesenteric rent. Such a
case was reported in a case series of mesenteric rents in 38 Thoroughbred broodmares (Lawless et al. 2016). This mare had 3 surgeries for intestinal
entrapment though the mesenteric rent during pregnancy and a forth one 2 months post-partum to close the mesenteric rent.
A serious attempt to close a mesenteric rent during colic surgery should be attempted and if this attempt is not successfully rewarded, a standing laparoscopic
exploration followed by laparoscopic rent closure should be performed during the early recovery period from colic surgery (24-48h) to avoid recurrence of the
entrapment which is likely to occur without secure rent closure.        
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Introduction
 Laparoscopic procedures are well established in equine surgery, nonetheless the development of new techniques is in an ongoing progress. For hand-assisted
laparoscopy (HALS) several indications have been described in literature, such as gynaecological interventions like, ovariectomy (1,2), ovariohysterectomy (3),
uterine tear closure (4-6) and uterine neoplasia removal (7,8). HALS can also be used for abdominal adhesiolysis, intestinal resections (9), suturing of
mesenteric rents (10) or rectal tears (11) and nephrosplenic space closure with or without repositioning of the large colon (12,13) is a common surgical
intervention in many equine hospitals. Concerning the urine tract nephrectomy (14-20) and removal of uroliths (21) by HALS has also been described.
The benefits of HALS in standard laparoscopy should be questioned and be compared to solely laparoscopic techniques and alternative approaches to
improve surgical standards and achieve the best results for the patients.
Limitations of standard laparoscopy
 Limitations of standard laparoscopy are, that tissue handling with laparoscopic instruments require advanced skills and depends on availability of specialized
instruments according to the intraoperative situation. The size and weight especially of the large intestine makes manipulation of this structure difficult or even
impossible. Furthermore, the positioning and size of the laparoscopic portals can represent a limitation to movement and removal of organs or biopsies through
the small incisions.
Advantages of HALS
 HALS is easier to learn due to the three-dimensional orientation. The direct palpation provide tactile impression of the tissue, better blunt dissection and less
technical experience is required to facilitate rapid haemostasis. In addition, the movement and handling of the organs is more comfortable. All these points
might lead to a reduced surgical time.
Disadvantages of HALS
 HALS is more invasive than standard laparoscopy and the minimal invasive character of this procedure is doubtful because it requires increased incision
length. During HALS, it is difficult to maintain the capnoperitoneum and thus laparoscopic visualisation can be impaired.
The risk for developing complications is known to be higher in flank incisions compared to midline celiotomy and cosmetic outcome might be affected by
seroma formation, dehiscence or infection due to increased muscle and tissue trauma by repeated insertion of the surgeon´s hand (13). Another fatal
complication can be evisceration of small intestine during unpredictable collapse.  
Alternatives
 During ovariectomy, the size of the ovary can be reduced by aspirating fluid or using a morcellator (22-24). If this is not sufficiently makeable, removal of the
enlarged ovary incorporated in a plastic drape can be carried out after dissection via small midline laparotomy under general anaesthesia.  This might be an
option with regards to the safety of the patient, the surgical personal and the wound healing. Instead of a solely approach via midline celiotomy, a laparoscopic
assisted or biphasic procedure has advantages with  haemostasis and resection under direct laparoscopic visualisation in the standing sedated horse followed
by celiotomy just for removal of the organ. For the same reason ovariohysterectomy can also be performed as a biphasic surgical procedure. 
Conclusion
 In conclusion, the indications of HALS are limited and should only be performed case depending after careful consideration of possible alternative approaches,
e.g. because of restriction of the owner to midline celiotomy or financial restraints.
In case of enlarged ovaries with a diameter of more than 15-20 cm the author recommends a biphasic ovariectomy with hemostasis and resection under
laparoscopic control followed by midline laparotomy to remove the ovary (25, 26). In case of an uterine injury Diekstall et al. (2018) compared 3 cases with
uterine rupture and found the standard laparoscopy approach with intracorpal closure with barbed sutured favourable to HALS.
Some authors recommend HALS for closure of the nephrosplenic space, because it is easier to perform (13). This should be reconsidered as this procedure
can be performed safely and rapidly by standard laparoscopy (27-29).  In addition, the need of HALS for intestinal biopsies should be strongly negated.
However, HALS shows benefits during nephrectomy because isolation of the kidney is easier and faster, especially in enlarged organs compared to a solely
laparoscopic approach.  HALS splenectomy, can be a promising approach in clinical cases in the future as the report form Garcia-Calvo et al. (2015) (30)
revealed.
In conclusion, the goal of surgical efforts and demands should be, to perform the operative procedures mainly laparoscopically to realize all the advantages
related to this technique.
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Minimally invasive surgery can be both one of the most rewarding and most frustrating experiences in the life of a surgeon. The most important tip is to do your
due diligence and practice performing surgery. The most effective way to reduce mistakes, errors, and frustrations is to practice. It is important to practice what
you do in the orientation you will perform the procedure in. In a report by Elarbi et.al., they showed that the skills learned in traditional human trainers did not
specifically translate to the skills used in standing laparoscopic surgery. To be efficient in minimally invasive surgery, the surgeon needs to practice the
techniques that will be used. Trainers do not need to be expensive. A little ingenuity goes a long way in developing training models.
Equipment Tricks
 Camera position: It is important to keep the camera upright during the procedures. Most current cameras have buttons on the top that allow image capture,
light adjustment, or many other tasks. These buttons should be pointed at the ceiling at all times. Otherwise, the image on the monitor will be canted or upside
down. This will make the surgical procedure much more difficult. It is hard enough to deal with the fulcrum effect of traditional minimally invasive surgery, there
is no use adding the challenge of an improper camera angle.
Tower position: The laparoscopic monitor should always be positioned in such a way that the telescope points directly at the monitor the majority of the surgery.
This is called forward viewing angle. In this way, left on the monitor directly equates to left on the patient. If the telescope points away from the monitor it is
called reverse angle viewing. In this instance, left on the monitor will be right on the patient, and vice versa. This also makes the surgery much more difficult.
Image capture: Image capture devices have become commonplace in MIS. However, they can be quite expensive to purchase integrated image capture
systems. Consumer based digital video cameras allow the capture of both video and still images and can be attached to most MIS systems. The surgeon can
sterilize plastic “Ziploc” bags and put the remotes in the sterile bags to capture video and still images during the procedure.
Specific Procedures
 Cryptorchid castration – In many horses, a bilateral cryptorchid procedure can be performed from the left side. Four portals are placed in the left flank, one in
the last intercostal space and three in the para-lumbar fossa. The right testis is identified by using a 45cm Babcock grasper in the dorsal most portal in the
para-lumbar fossa to lift the small colon dorsally, allowing access to the left testis. The testis can be ligated with a ligating loop or a vessel sealing device.
Ovariectomy – When performing a bilateral ovariectomy, the right ovary can be passed to the left side of the abdomen in order to limit the need to enlarge
incisions on both the left and right side of the abdomen. The left ovary is amputated first and held with an acuted claw grasper in the middle portal of the left
para-lumbar fossa. The right ovary is amputated and passed under the small colon and over the bladder to the left side of the abdomen. The telescope is
moved to the left side of the abdomen and the right ovary identified. The right ovary is grasped from the left side with an acute claw grasper in the most ventral
portal on the left side. The right grasper is opened, the ovary released, and the grasper closed while observing from the telescope on the left side of the
abdomen. The right grasper is removed and both ovaries extracted from a single enlarged incision on the left side. There are two options for bilateral
ovariectomy from the left flank. Colbath described a bilateral ovariectomy from the left flank. Similar to the described cryptorchid castration described
previously, four portals are made in the left flank and the small colon elevated to identify and amputate the right ovary. Both ovaries are removed from the same
flank. This technique requires two surgeons that are comfortable with minimally invasive surgery. Another option for bilateral ovariectomy from the left flank is
to create a hole in the avascular region of the meso colon. Devick (in press) described an approach to the right ovary through the mesocolon. An avascular
region of the mesocolon is identified and a splash block performed. The meso colon is sharply divided and the right ovary identified, ligated, and amputated.
The hole in the mesocolon is closed with suture or staples.
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While simple routine surgery is commonly based only on preoperative imaging, for complex interventions intraoperative imaging may provide useful guidance
and is more and more used in equine practice. Intraoperative imaging is based on a multitude of imaging modalities. The most commonly used are
intraoperative radiography, fluoroscopy-guidance and ultrasound-guidance. CT assisted surgery has been more recently developed. Except ultrasound-
guidance all the quoted imaging modalities use ionizing radiations and it is therefore essential to promote radiation safety for surgeons and surgery room
personnel in general. In comparison to promote radiation safety for radiologists and radiology technicians, promoting radiation safety culture in groups of
professionals not daily confronted to radiation exposure is more challenging. It is in fact known that there is a potential misinterpretation of the acceptance of
this “occasional” occupational risk as being “necessary to obtain the results” and in some cases even being a symbol of professionalism and commitment. In
this context, the first step to introduce and strengthen a radiation safety culture is to increase knowledge about basic principles in radiation safety and give
recommendations to optimize conditions of use of radiating modalities in the surgery room. Radiation safety is always based on the application of 3 principles:
justification, optimization and limitation. To correctly apply the principle of justification it is essential knowing the risk and have some radiobiology knowledge.
Justification should obviously always be applied prior to optimization. For optimization first of all the equipment should be operating properly and be periodically
tested. Type of the equipment has also an impact because of the amount of emitted radiation can change. The situation in the equine surgery room is different
in comparison to human medicine because of size and position of the patient. In human medicine it is known that, in comparison to vertical irradiation, oblique
projections increase radiation by a factor of 5. Because of the position of the area being radiographed in equine patients, it is particularly important to pay
attention to the position of the source, the direction of the x-ray beam, the distance from the source and the irradiated volume. To minimize exposure, the
personnel must stand as far away as possible from the radiating source as the inverse square law makes radiation reducing rapidly while increasing the
distance from the source. Hands (as any body parts) should be kept out of the direct or transmitted x-ray beam. Care should be also taken to stand away from
the irradiated are as thick regions in the horse are a great source of scatter radiation. The source should be placed as close as possible to the area to be
examined and collimation should be maximized. When fluoroscopy is the modality, the correct use of the fluoroscope is crucial. The tube of the fluoroscopes
can emit continuously (continuous mode) or in pulses (pulsed mode). Pulsed mode significantly reduces mean radiation dose while decreasing total exposure
time. Another parameter to control is resolution. The higher the resolution, the higher the emitted radiation. Highest resolution mode should only be used if
lower resolution mode does not allow adequate visibility, not simply because images “are grainy”. The width of the X-ray beam can also be reduced using a
collimator. Collimation reduces the amount of irradiated matter thus reducing scatter and improving radiation protection. The other aspect to consider together
with correct use of the radiating source is shielding. Personal protective devices as lead apron of suitable lead equivalence (0,5 mm) and wrap around type,
thyroid shields and protective glasses should be available in the surgery room and screened annually for defects. Lead aprons with a thickness of 0.25 mm and
overlapping in the front can be used to create a 0.50 mm barrier. All staff present in the surgery room when radiation devices are used should wear protection
devices correctly: lead aprons should be correctly fastened around the neck and at the sides to provide protection around the body and should be of sufficient
length to cover the femora. In the surgery room protective clothing should be stored properly to prevent damage to the lead shield. Lead aprons and gloves
should be hung and not folded. Finally limitation is based on the radiation dose limits existing for occupational exposure in each country. Studies in human
medicine demonstrate that most orthopedic surgeons using radiation protection devices will have a radiation dose below 2 mSv/year and that correct use of
radiation protection devices and principles prevent deterministic effects as cataract. However, this should not preclude neither justification, nor optimization and
use of personnel monitoring devices should be implemented to continuously estimate radiation exposure.
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For minimally-invasive fracture fixation, three-dimensional imaging is a superior technique for pre-operative diagnosis and planning, intra-operative control of implant placeme
approaches include the combination of a mobile computed tomography (CT) unit with a small gantry size and surface markers to assist internal fixation within the hoof1, use o
surface marker mesh to identify preoperative guidelines for internal fixation of the distal phalanx and the navicular bone4,7 or control surgical intervention for various other orth
reconstructed from a 190° fluoroscopic scan combined with computer-assisted surgery1,3,6.
CT assisted surgery in a hybrid operating room combines minimally invasive fracture fixation using lag screw technique and CT control. In such procedures, the horse is put u
obtaining a precise pre-operative diagnosis, control the surgical procedure and perform a post-operative evaluation of the repair including appropriate position and length of th
procedure include precise 3D control of all steps of the surgical procedure, lack of radiation exposure to personnel, no need for special surgical equipment apart from an aimin
systems and suitability for a variety of indications in the anatomical region extending from the hoof to (and including) the carpus/tarsus.
A technical pre-requisite for such a procedure is a CT unit that allows quick scans of a high-quality and has a large bore sliding gantry. In Zurich, we are currently using a mult
and 40 rows of detectors.
Important technical details of the procedure are:
Induce general anaesthesia. Place the horse in lateral recumbency with the affected limb down (unless the fracture configuration dictates otherwise) – this reduces ext
position of the limb.
Place markers (e.g. skin staples) at the site of intended implant position. Perform an initial diagnostic scan. Acquire continuous transverse images in a helical fashion. R
using a bone algorithm. Include the contralateral limb if indicated.
Prepare the limb for surgery. Tie the contralateral limb proximally. For the limb to be operated: attach the hoof to a wooden block using a wire, keep enough distance un
using a leg support cushion, position the limb straight and horizontally and put a bowl under the surgical field to collect fluid during aseptic preparation.
Drape the limb to allow the sliding gantry to take CT scans during the procedure.
No staff is in the room during acquisition of CT scans.
Use markers (e.g. skin staples) to identify the correct position of the skin incision. Once identified, create a stab incision down to the bone and position the aiming devic
Control position of the aiming device using a CT scan. Adapt the aiming device if required. Assess position of the aiming device using multi-planar reconstructions and 
Once position of the aiming device is correct, start drilling the glide hole. Check position of the glide hole and remaining distance to the fracture line using another CT s
the remaining drill depth for the glide hole.
The rest of the procedure is standard lag technique. Always use a pin to mark the drill hole during change of instruments.
Perform post-operative evaluation of implant length and position using a final CT scan.
For some indications, specific adaptations of the technique are required.
For fractures within the hoof capsule, a suitable preoperative aseptic preparation protocol must be applied8. The hole drilled through the hoof wall has the same diameter as t
corresponding to the diameter of the screw head only after the thread hole has been created. For type 3 fractures of the distal phalanx, screws are implanted from laterally to 
required. The precision achieved with the CT control usually allows two 4.5 mm cortex screws to be implanted in these fractures. For type II fractures, the horse is positioned 
facing downward to allow drilling from the large fragment (i.e. dorsally) to the small fragment (i.e. palmarly/plantarly). For fractures of the navicular bone, an attempt is made to
countersinking is performed in the navicular bone. A single 3.5 or 4.5 mm cortex screw is applied in lag fashion in the distal sesamoid bone.
The technique described here also works very well in fractures of the small tarsal bones. Lag screw fixation of third or central tarsal bone are associated with a favourable out
However, the small room for error resulting from the size and shape of these bones render these fractures very suitable for CT assisted repair, especially if the size of horse s
Furthermore, additional fracture lines can be present that need high-quality CT scans to be diagnosed and taken into account for planning of implant position. This aspect is a
Similar considerations apply for fractures of the small carpal bones, especially if the fracture configuration does not allow standard arthroscopic control.
Certain fractures of the proximal phalanx are suitable for CT assisted repair as well. Whereas in our hands, complex complete fractures of this bone are best treated by CT ev
by fluoroscopic control of lag screw repair, CT assisted surgery is suitable for proximal incomplete fractures. This allows adaptation of screw position to the individual fracture 
Figures
Fig. 1: CT-assisted repair of an incomplete proximal fracture of the first phalanx. A large bore CT with a sliding gantry is used for pre-operative diagnosis, intra-operative cont
length and position.
Fig. 2: An aiming device is applied after stab incisions have been created and its position is controlled using another CT scan. The gantry size of the CT allows the aiming dev
Fig. 3: Use multiplanar reconstructions and trajectory lines to control correct position of the aiming device.
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Update on radiating imaging equipment current and future
perspectives
Busoni V
Faculty of Veterinary Medicine - University of LIège, Liège, Belgium.
 
This presentation will retrace the history of the technologies using x-rays form the past to current use, recent updates and potential future perspectives.
Radiography and computed tomography will be the focus of the presentation. Changes in the most currently used type of radiographic sources in equine
practice have been minor since a couple of decades. However, the digital (r)evolution in detectors have introduced major changes and new approaches and
uses of digital radiography and new advanced technologies have been introduced in large equine hospitals. Portable sources have changed mainly in size and
weight. Fixed sources have improved in maneuverability and displacement in the space and around the horse. Recently robotic technologies, previously used
in industry, have been introduced to create new ways of making the sources navigating around the horse and obtaining radiography, fluoroscopy and computed
tomographic images with volumetric reconstruction. In computed tomography major advances have been made in human medicine equipment and some
conceptions of horse dedicated technologies have appeared in equine imaging. Area detectors have changed during last years and speed of acquisition has
increased drastically. Dual energy and perfusion computed tomography and new algorithms for reducing artefacts have been introduced in recent scanners.
Large aperture gantries have been built for human use but serves optimally the use on computed tomography in the horse. in the human field. The advent of
sliding gantries has also recently changed the approach of the relative displacement horse/source.
 
Stream: LA   |   Session: Optimising Imaging 
Date/Time: 05-07-2019 (11:45 - 12:00)   |   Location: BCC: LEHAR I-III
Back to contents
Update on ultrasonographic imaging techniques
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Introduction
 Although B-mode ultrasonography is an established “work horse” for the diagnosis and management of equine orthopaedic and surgical disorders, several
techniques to improve the value of this tool such as angle contrast and dynamic ultrasonography have been further investigated and became more established
during the last years. At the same time, ultrasonographic approaches to certain anatomic structures such as the distal sesamoidean impar ligament were
described systematically and in detail recently1. Apart from these modifications of conventional grey scale ultrasound, more sophisticated ultrasound based
techniques such as ultrasound tissue characterization (UTC), Doppler- and Power-Doppler ultrasonography and shear wave elastography have been
investigated more in depth in the field of equine surgery within the last decade.
B-mode ultrasonography
Dynamic ultrasonography
 As the sensitivity of B-mode ultrasonography to detect tears of the proximal Manica flexoria of the superficial digital flexor tendon (SDFT) in a weight bearing
limb position is limited, static ultrasonography in a flexed limb position and dynamic flexion / extension ultrasonography in a non-weight bearing position has
been evaluated in a retrospective case series with tenoscopically confirmed Manica flexoria tears. It proved to have a higher diagnostic accuracy than static
ultrasound in a weight bearing limb position2.
Saline Distension
 Distension of the common digital flexor tendon sheath (DFTS) with saline solution has been described in a cadaver study to improve marginal separation of
structures within the digital sheath during ultrasonographic evaluation. This led to an improved visualization of the proximal Manica flexoria of the SDFT and
the deep digital flexor tendon (DDFT) within the sheath3. The authors proposed to further evaluate the technique in clinical cases with suspected Manica
flexoria pathology in which the DFTS is not or only marginally distended.
Angle contrast ultrasonography
 During angle contrast ultrasonography the off-incidence artifact is intentionally used meaning that the probe is moved from the 90° position into an oblique
position in relation to the long axis of the tendon or ligament. Applied in the flexed limb this technique helps to improve diagnosis and follow up of proximal
suspensory desmitis as ligamentous fiber bundles, fat, adipose tissue, scar tissue can be partly differentiated4.
Contrast enhanced ultrasonography (CEUS)
 
As vascular alterations play a significant role in tendon disease and other orthopaedic disorders, Seiler et al. (2016)5 tested the feasibility and safety of contrast
enhanced ultrasonography in an experimental study using a custom made gas-filled microbubble contrast agent. Intravenous and local intra-arterial injection of
the agent did not cause significant adverse systemic reactions while especially intra-arterial application led to a significant enhancement of contrast between
e.g. tendinous structures in the distal limb. The authors concluded that after further evaluation the technique has the potential to be used for monitoring clinical
cases with chronic tendon disease to monitor e.g. vascularization of scar tissue.
In an experimental model of DDFT border lesions, contrast-enhanced ultrasonography using another microbubble solution reliably estimated the depth of
surgically-induced longitudinal lesions in the DDFT6.
Power Doppler
 In general Power Doppler ultrasonography, has a higher sensitivity to detect flow from small vessels and low velocity flow at microvascular level compared to
color Doppler. While color Doppler ultrasonography is established to monitor natural and experimental7 SDF tendon disease, the use of Power Doppler has
only recently been described as a valuable adjunctive tool to further assess the clinical relevance of abnormal B-mode ultrasound findings in suspensory
ligament branches of lame compared to non-lame horses8.
Ultrasound Tissue Characterization (UTC)
 The commercially available UTC technology (utc imaging, Stein, The Netherlands) is based on B-mode data gained with a special device moving a
conventional ultrasound probe at a constant speed along an elongated stand-off in a fixed, orthogonal position to the long axis of tendons while collecting
transverse images at even distances of 0.2 mm. In horses its use has been established for the tendons at the palmar / plantar aspect of the metacarpus /-
tarsus, especially the SDFT. The raw B-mode mode data is analyzed by a software that allocates the degree of continuity of echos over several contiguous
images to four different color coded echo-types ranging from intact, aligned tendon bundles (echo-type I, green) to amorphous fluid and cell debris (echo-type
IV, black).
As UTC data have been shown to correlate well to histology, the technology allows for non-invasive monitoring of the healing process of equine tendinopathy.
Accordingly it has been successfully used in the last decade in several equine experimental studies investigating the effect of e.g. Platelet Rich Plasma and
Mesenchymal Stromal Cells9. As UTC is also suitable to detect subclinical alterations of tendons, it has the potential to monitor SDFTs in race- and other sport-
horses to ideally adapt the training intensity before clinical signs occur. Recently a reference for the different echo‐types showing the range of physiologic
response to training has been described in a population of normal juvenile TB racehorses10.
Although not described in a controlled and histology matched study in the literature yet, there is increasing practical experience and knowledge gained by
clinicians applying UTC technique to the equine suspensory ligament (origin, branches).
Shear Wave Elastography
 Acousto- or sonoelastography is an ultrasound-based technique that has been described to be useful for the assessment of mechanical properties of equine
tendons. The main principle behind it is that a compressive force is applied to the tissue, causing axial tissue displacement (strain), which is calculated by
comparing the grey-scale images before and after the compression.
Application of shear wave elastography in to equine tendons has already been described in 2014 by Lustgarten et al.11 who evaluated the stiffness of normal
SDFTs and SL branches. Acute and subacute / chronic12 as well as early and late chronic13 tendon disease may be successfully distinguished with
sonoelastography. A preliminary prospective, longitudinal study showed that strain ratio may provide a means to monitor the recovery of stiffness in lesions
during rehabilitation, even when the greyscale ratio remains unchanged from a few months after SDFT injury13.
Recently it has been described that sedation with detomidine and butorphanol facilitates acoustoelastography of frontlimb SDFTs in horses. However, it has an
impact on the data gained with this technology and should be used consistently in horses that undergo serial ultrasonographic examinations14.
Conclusion
 Recent advances in ultrasonographic imaging techniques are mostly relevant for orthopaedic disorders in horses. Fortunately, some techniques such as
dynamic and angle contrast ultrasonography may be applied without further investment into standard technical equipment. Technical requirements for Power
Doppler Ultrasound to scan tendinous and ligamentous structures are probably given in bigger equine referral centers. Clinicians with an emphasis on
orthopaedics and sport horses will be supported in the detection of subclinical degenerative processes in tendons and ligaments and in the design of individual
rehabilitation programmes using specialized ultrasound based technologies such as UTC and shear wave elastography.
Due to the limitations of conventional ultrasound with regard to the sensitivity to detect suspensory ligament pathology the development of a standardized
approach to this anatomic structure with UTC is of significant interest.
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Think horse be prepared for zebra: image reading and
cognitive bias
Busoni V
Faculty of Veterinary Medicine - University of LIège, Liège, Belgium.
 
In diagnostic imaging, mental shortcuts are commonly used while reading and interpreting images. These mental shortcuts are used automatically in order to
reduce cognitive load in decision making. Cognitive bias is a distortion occurring during cognitive treatment of an information and its consequence results in
wrong mental shortcuts. Therefore, in radiology final interpretation can be influenced by cognitive bias, lead to diagnostic errors or bring the clinician to
embrace unneeded further diagnostic assessments. While reading images, two types of errors can be the result of cognitive biases: perceptual and
interpretative errors. Perceptual errors occur when an abnormal finding is missed. Interpretative errors occur when the abnormal finding is identified but it is not
correctly interpreted. Increasing knowledge about types and conditions of occurrence of cognitive biases and increasing self-awareness and metacognitive
abilities of the reader are essential to depict potential sources of errors. Relying on a strong hypotetico-deductive and evaluation strategies, including cognitive
biases assessment, is the key of a critical and comprehensive image reading in difficult cases and complex clinical situations. Examples of cognitive biases
potentially affecting image reading are: availability bias (influence by past experiences), alliterative bias (one reader’s reading influences the second reader),
anchoring bias (building hypothesis based on previously gathered information), framing bias (influence by how the question is asked or the problem is
presented), regret bias (overestimating the likelihood of diagnostic hypothesis because of the adverse outcome in a previous case due to failure of recognizing
the disease), satisfaction of search (stopping the visual search of abnormalities after the first significant finding), hindsight bias (overestimating predictability of
an event after the event is known).
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Challenging Xray readings
Busoni V
Faculty of Veterinary Medicine - University of Liège, Liège, Belgium.
 
This presentation will be a short interactive exchange on radiographic images of clinical cases. Some cases will be presented and discussed with the group
using a Script Concordance Test format. The Script Concordance Test is based on the hypothetico-deductive reasoning and the illness script theory which
supports progressive construction of illness scripts along with clinical experience. In teaching and discussing radiology cases, the use of hypothetico-deductive
reasoning exercises can be used to increase reflection on each step of image reading, from perception to interpretation.
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Arthroscopic articular cartilage resurfacing with self-
attaching in-situ forming conjugated hydrogels: in-vitro
research model development in the horse.
Vos NJ*
Netherlands, Amsterdam, Netherlands.
 
Introduction
 Articular cartilage defects could be treated with debridement in conjunction with filling.  A cell-free injectable might act as a future scaffold to aid articular
cartilage regeneration.
  
Materials and Methods
 Cadaver material from 4 skeletally mature horses was used. Articular cartilage defects were created in the stifle, fetlock and carpal joints under arthroscopic
guidance. Defects were filled with a hydrogel or fibrin glue. Repeat arthroscopic examination was performed after the joints were flexed and extended 25 times
mimicking exercise. Post-operatively a transcutaneous ultrasound examination was performed.
  
Results
 Out of the 47 defects created, 39 were filled with hydrogel and 8 with fibrin glue. Nine defects had simultaneous micro fracturing. After flexion and extension,
the fibrin glue filled defects were empty. However the hydrogel filled defects stayed filled, apart from the 2 defects that had drilling beyond the subchondral
bone-plate. Ultrasound could not differentiate whether the defects had been filled or not.
  
Discussion / conclusions
 Arthroscopic and ultrasound imaging results show superiority of the implantation techniques (Hydrogel) compared with defects with fibrin glue alone. Given
these results with the hydrogel procedure, testing in an in-vivo equine model is the next logical step and has proceeded from this work.
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Neutrophil Gelatinase-Associated Lipocalin (NGAL) for
Detection of Septic and Aseptic Joint Inflammation
Jacobsen S*, Frydendal C, Nielsen KB, Berg LC, Adler DMT, Andreassen SM, Van Galen G
Department of Veterinary Clinical Sciences, Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark.
 
Introduction
 A few previous studies (n = 4) in man have investigated neutrophil gelatinase-associated lipocalin (NGAL) in joint disease and suggested it to be a useful
marker of joint inflammation/infection.
  
Material and Methods
 Blood and synovial fluid (SF) samples were available from horses with experimentally induced joint inflammation (intraarticular injection of lipopolysaccharide
(LPS) [n = 7], lidocaine [n = 6] or mepivacaine [n = 6]) and horses with (n = 10) and without (n = 10) spontaneous septic arthritis. Concentrations of NGAL were
assessed in a commercially available ELISA. The experimental protocol was preapproved by the ethical committee of the Large Animal Teaching Hospital of
University of Copenhagen and by the Danish Animal Experiments Inspectorate.
  
Results
 Experimental induction of moderate (intraarticular lidocaine) and severe (intraarticular LPS) joint inflammation caused significant increases in SF
concentrations of NGAL. Severe inflammation also caused significant changes in serum concentrations of NGAL. Concentrations of NGAL were higher in SF
than in the corresponding serum samples, and they reflected intensity of inflammation. In horses with septic arthritis, SF concentrations of NGAL were
significantly higher than those found in SF obtained from horses without septic arthritis.
  
Discussion/Conclusions
 A NGAL response is elicited in the inflamed joint compartment in horses. As this response is of great magnitude, and concentrations of NGAL in healthy SF are
low, NGAL may prove to be a highly sensitive biomarker of joint inflammation in horses. The ELISA test format is not useful for routine analyses, and a horse-
side test must be developed.
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Fibromodulin neo-epitope assay is a sensitive indicator of
joint disease in horses
Brink P*1, Dolvik NI2, Önnerfjord P3, Holmgren K3, Garvican ER4, Smith RKW*4
1Jagersro Equine Hospital, Malmo, Sweden, 2Norwegian School of Veterinary Science, Oslo, Norway, 3Department of Clinical Sciences Lund, Lund University,
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Introduction
 The aims of this study were to quantify the concentration of fibromodulin neo-epitopes in the synovial fluid from horses with different joint diseases commonly
seen and to evaluate if changes in this biomarker are capable of distinguishing pathological joints from normal for a variety of specific diseases, and to assess
their relationship to the inflammatory cytokines, TNFα and IL-1RA.
  
Materials and Methods
 The study population consisted of joint fluid from 50 client-owned horses placed into 6 groups – control uninjured joints, joints with intraarticular fractures, joints
with infection, osteoarthritic joints, joints with osteochondrosis (OCD) prior to surgical removal of intraarticular fragments and from OCD joints after surgical
treatment. The fibromodulin neo-epitope (NeoFM) assay was a competitive inhibition assay using an established assay developed to detect the new C-
terminus after MMP-13 cleavage. The concentrations of TNFα and IL-1RA were determined using commercially available ELISA kits.
  
Results
 The concentration of NeoFM in synovial fluid harvested from joints with fracture, infection, and osteoarthritic joints was significantly higher than the
concentration of NeoFM in synovial fluid harvested from controls, with p-values of 0.01, 0.03 and 0.02, respectively. NeoFM was correlated to the concentration
of IL-1RA with correlation coefficient of 66% (P<0.0001). No significant correlation was observed between TNFα and NeoFM (P=0.20).
  
Conclusions
 Our results showed that the concentrations of NeoFM increase substantially in diseased joints. Based on this study, NeoFM appears to be a sensitive marker
and may, therefore be useful in identifying early onset of arthritis.
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Tibial Fracture Repair Using an Angle-Stable Interlocking
Nail in Two Calves
Marturello DM, Dejardin LM*
Michigan State University, East Lansing, USA.
 
Introduction
 Tibial fractures are common in all age groups of cattle. However, with high complication rates following traditional fixation, neonatal bovine fractures often carry
a guarded prognosis. While interlocking nail (ILN) fixation has been successful in small animals, to our knowledge, clinical use of an angle-stable ILN (AS-ILN)
in production animals has not yet been reported.
  
Materials and Methods
 A 50kg Holstein calf with a proximal juxtametaphyseal comminuted tibial fracture with a tibial tuberosity slab fracture underwent surgical treatment using an
8mm – 160mm AS-ILN and two cortical lag screws. In an 89kg Beefalo calf, a long oblique mid-diaphyseal tibial fracture with proximal and distal fissures, was
repaired using an 8mm – 185mm AS-ILN and 5 double loop cerclage wires.
  
Results
 In both cases, clinical union without complications was recorded at 4 weeks post-operatively. Both calves had continued axial growth with no evidence of
angular limb deformity at 7 and 6-month follow-op, respectively.
  
Discussion/Conclusions
 Unique biomechanical features of each fracture rendered treatment using traditional osteosynthesis methods such as external coaptation or plate fixation
challenging, if at all possible. Hence, treatment using an AS-ILN was selected. Although the proximal tibial physis was violated in both calves, comprehensive
surgical planning and careful modification of a surgical technique commonly used in small animals allowed for normal axial growth without complications or
continued lameness. Our results suggest that interlocking nailing with an AS-ILN provides an effective and safe osteosynthesis option in young calves with
tibial fractures.
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Osteochondral fragmentation of the cervical articular
process joints in a population of horses with cervical pain
and/or ataxia.
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Liphook Equine Hospital, Liphook, United Kingdom.
 
Introduction
 There is limited information on the prevalence of osteochondral fragmentation (OF) of the cervical articular process joints (CAPJ) in horses with cervical pain
and/or ataxia.
  
Materials and Methods
 Horses undergoing computed tomography (CT) scanning of the cervical region at the Liphook Equine Hospital from April 2016-October 2018 were assessed
for the presence of OF. Fragments that were not associated with the CAPJ or that were secondary to fracture of the CAPJ were excluded.
  
Results
 A total of 31 horses met the inclusion criteria, of which OF was detected in 32% (n=10). Horses underwent CT scanning to investigate ataxia (n=15), cervical
pain (n=12) or both pain and ataxia (n=4). Mean fragment size was 1.76cm3 (range 0.08-5.4cm3). In the 10 horses in which OF was detected, 7 had a single
fragment, 2 had two fragments and 1 had four fragments. In 8/10 cases a single joint was affected; the other 2 horses had fragments in two joints. Complete
radiographic examination of the cervical spine was available for review in 9/10 horses with OF, and the fragments were correctly identified in only 2 horses. In
5/10 horses OF was considered to be the primary lesion; in the remaining 5 cases there was additional pathology which was considered of equal or greater
clinical significance. Fragment removal under general anaesthesia was successfully performed in 2 horses.
  
Discussion / conclusions
 Osteochondral fragmentation of the CAPJ was a frequent finding in this case series. Further investigation is required to determine the aetiology of these
fragments and explore appropriate treatment options. 
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A Simplified Arthroscopic Approach to the Caudal Pouches
of the Equine Lateral Femorotibial Joint
Bladon BM*, O'Neill HD*
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Introduction
 Arthroscopic examination of the caudal lateral femorotibial joint is technically difficult. Complete examination requires an approach through the popliteal tendon;
the peroneal nerve is potentially damaged. The aim of this study is to report a simpler approach.
  
Materials and Methods
 From the cranial lateral femorotibial joint an arthroscope was advanced underneath the long digital extensor tendon exposing the popliteus tendon. Using
needle guidance, a portal was established in the popliteal canal. The arthroscope followed the distal margin of the popliteus into the caudal distal pocket. A
septum from the lateral meniscus to the popliteus was elevated with a probe, allowing entry to the proximal pocket.
 This technique was developed during surgery. The technique was used on cadaver limbs, including a freshly euthanased horse, and the arthroscopic margins
were marked using a radiofrequency probe.
  
Results
 The technique was used on five clinical cases. Visualisation of the lateral meniscus was achieved; no abnormalities were identified in 4 cases and a tear was
identified and resected in one. The approach was used on eight cadavers. Successful entry to the caudal pouch was achieved, confirmed by radiofrequency
marks in one horse.
  
Discussion / Conclusions
 We describe a simple and less traumatic approach to the caudal pouch of the lateral femorotibial joint. There is limited overlying tissue, and no neurovascular
structures of concern. A portal is established under arthroscopic guidance, which is more controlled than a conventional “blind” approach.
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Bilateral change in pressure distribution in horses with
unilateral forelimb lameness before and after positive
diagnostic anaesthesia – a case study
Hoffmann J1, Geburek F*1, Al Naem M1, Hagen J2, Röcken M1
1Equine Clinic (Surgery), Gießen, Germany, 2Veterinary Anatomic Institute, Leipzig, Germany.
 
Introduction
 Lameness examination is subject to individual and thereby subjective assessment. In recent years, several computerized systems have been introduced to
objectify the degree of lameness and to characterize gait patterns during lameness examinations. The aim of this study was to objectify the effect of diagnostic
anaesthesia on pressure distribution of front hooves on the ground in horses with unilateral forelimb lameness by using the HoofScan®-System in the lame
and the contralateral sound limb. Furthermore subjective visual evaluation of the lameness was compared to the objective results of the HoofScan-System®.
  
Material and Methods
 Pressure distribution was measured with the HoofScan®-System in both forelimbs during locomotion before and after positive diagnostic anaesthesia of the
lame forelimb.
  
Results
 The results are demonstrated by 4 representative orthopaedic patients showing a supporting limb lameness grade 2/5. Diagnostic anaesthesia was fully
positive in two cases and was positive with rest in one case. These horses showed a significant increase of load on the lame limb during breakover (88%),
whereas the load during mid-stance and landing increased by only 19% and 5%. In the fourth case diagnostic anaesthesia was positive with subsequent
lameness on the contralateral limb. The load on the anesthetized limb remained nearly the same. The contralateral limb showed a distinct load reduction after
diagnostic anaesthesia of the lame limb, with breakover being affected most (39%).
  
Conclusion
 The HoofScan®-System can be used successfully to objectify lameness examinations. Preliminary results suggest that the greatest increase of load after
diagnostic anaesthesia is seen during breakover.
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Comparison of two different techniques for analgesia of the
deep branch of the lateral plantar nerve in horses.
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1Pool House Equine Clinic, Fradley, United Kingdom, 2Department of Veterinary Sciences, University of Turin, Grugliasco, Italy, 3Department of Clinical and
Biological Science, Orbassano, Italy.
 
Introduction
 Accurate diagnosis of hind limb proximal suspensory desmopathy (PSD) can be challenging and desensitisation of the deep branch of the lateral plantar nerve
(DBLPN) is a key aspect of the orthopaedic evaluation. This procedure is usually performed with the leg flexed. However, in selected cases the use of a
weight-bearing technique may be preferred. The aim of the study was to compare the diffusion pattern of the above- mentioned techniques in vivo.
  
Materials and Methods
 Eight mature horses were enrolled. The study was approved by the Ethical Committee of University of Turin. Perineural injection of the DBLPN was performed
by injecting 3ml of radiopaque contrast medium (CM; iohexol) using a standing or nonweight-bearing technique. Radiographic evaluation was performed after
5, 15 and 30 minutes. The diffusion of CM was evaluated independently by 2 blind readers including the extension of the main CM bulk and the maximum
diffusion in both proximal and distal directions. The data were assessed using 2-way independent measures ANOVA (P<0.05).
  
Results
 One injection (weight-bearing technique) was inadvertently performed inside the tarsal sheath. Diffusion between the two techniques was similar except at 30
minutes (T30) when the weight-bearing technique resulted in significantly more cumulative proximal diffusion of CM (P=0.02).
  
Discussion/ Conclusion
 The nonweight-bearing technique resulted in significantly less proximal diffusion of CM after 30 minutes.
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Tearing of the palmar aspect of the intersesamoidean
ligament as primary pathology of the digital tendon sheath:
an endoscopic diagnosis in two horses
Bathe AP*
Rossdales Equine Hospital, Newmarket, United Kingdom.
 
Introduction
 Imaging techniques frequently fail to diagnose digital tendon sheath (DTS) pathology, thus diagnostic endoscopy is often employed. Ultrasonographic detection
of proximal scutum pathology has been reported, but there are no published reports of endoscopic abnormalities. The aim of this case report is to describe
palmar intersesamoidean ligament (IL) pathology, to raise awareness of this as a differential diagnosis.
  
Materials and Methods
 Retrospective case report of 2 cases. 
  
Results
 Case 1: 11yo Thoroughbred (TB) eventer gelding with RF lameness localised to the foot and DTS, which failed to respond to medical management. 
Ultrasound and standing MRI showed only mild PAL thickening. DTS endoscopic examination revealed horizontal tearing of palmar aspect of the IL, distal to
distal margin of manica flexoria. This was debrided using synovial resectors. No other pathology was evident. The PAL was transected. After 8 months field
rest the horse resumed work and has competed successfully for two seasons with no lameness.
 Case 2: 13yo TBX eventer gelding with RF lameness localised to the foot and DTS, which failed to respond to medical management. Ultrasound showed mild
PAL desmitis. There were negative findings on a positive contrast DTS study. Endoscopic examination, findings and treatment were as in Case 1. The horse is
in the early stages of rehabilitation.
  
Discussion
 The two cases are remarkably similar with concurrent foot pathology and mild PAL findings. Foot problems are common, so may be a coincidence. There is
possibly an association between PAL and IL pathology. The long term soundness of Case 1 is prognostically encouraging for this condition.
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Do Locally Administered Antibiotics Reach Growth
Cartilage Canals?
Wormstrand BH, Olstad K, Fjordbakk C*
Norwegian University of LIfe Sciences, Oslo, Norway.
 
Introduction
 Bacterial infection and destruction of cartilage canals in growth cartilage have been described in piglets and foals with septic arthritis/osteomyelitis, with
ischemic chondronecrosis and osteochondral lesions as a potential long-term complications. Joint injections and regional perfusion are common methods for
local delivery of high concentrations of antibiotics in cases of distal limb infections in foals. Most available studies have been done in adult horses, without any
growth cartilage or cartilage canals. The aim of the study was to evaluate whether medications administered by joint injection and regional
intravenous/intraosseous perfusion reaches cartilage canals in the tibiotarsal joint.
  
Materials and Methods
 For this initial study, nine healthy piglets aged 52-71 days were used due to the accessibility of pigs as research subjects. Both hind limbs were removed after
euthanasia. Regional perfusion with dyes of two different colors was done in the saphenous vein of one limb and intraosseously in the distal tibia of the other
limb. Dye of a third color was injected into the tibiotarsal joint of all limbs. Samples from the distal intermediate ridge of the tibia and the talus underwent
histological examination for presence of dye in cartilage canals.
  
Results
 Dye injected intraarticularly was present in 6/462 (1.3%) cartilage canals, 20/232 (8.6%) canals after intraosseous perfusion and 134/230 (58.3%) canals after
intravenous perfusion.
  
Discussion / Conclusions
 The consequences of bacterial infection of cartilage canals warrant local antimicrobial treatment of these. This study found that regional intravenous perfusion
was the best of the examined methods, subject to confirmation by studies in live foals.
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Inter-evaluator and intra-evaluator reliability of kinematic
variables obtained by an extremity-mounted inertial
measurement unit system in sound horses at the trot under
soft and hard ground conditions and treadmill exercise
Schwartz J1, Vidondo B2, Manninchedda UE*1, Sprick M1, Schöpfer M1, Cruz AM*1
1Institut Suisse de medicine equine, Vetsuisse Faculty, University of Bern,, Bern, Switzerland, 2Veterinary Public Health Institute, Vetsuisse Faculty, University
of Bern, Bern, Switzerland.
 
Introduction
 Electronic lameness detection systems try to overcome the subjectivity of visual gait analysis objectively capturing gait events that the human eye is unable to
do. The objective of this study was to assess the inter-evaluator and intra-evaluator reliability of kinematic variables measures by an extremity-mounted inertial
measurement unit.
  
Material and Methods
 Thirthy adult, sound and healthy stallions were used in this study which was approved by the Institutional animal care committee. Data collection was
performed with six IMUs strapped to the 4 extremities of every horse. Per surface (treadmill, soft and hard ground) 10 stallions were trotted 3 times. The
analysis was done by six evaluators (3 experienced, 3 inexperienced) using propietary software and the data were blinded and copied 3 times. To assess the
intra- and inter-evaluator reliability, a selection of gait variables were used to calculate intra and inter correlation coefficients (ICCs) as well as variance
partitioning coefficients (VPCs).
  
Results
 All of the tested gait variables showed high levels of reliability. There was no mentionable difference considering the correlation coefficients between the intra
and inter reliability as well as between the three different surfaces. The experience of the evaluator had no influence on the results.
  
Discussion / conclusions
 The extremity-mounted inertial measurement unit system tested in this study has a high inter- and intra-evaluator reliability under the chosen conditions for the
selected variables and acts independently of the ground situation and the experience of the evaluator. It can become a clinically relevant and reliable gait
analysis tool.
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Subjective scoring of equine back mobility:inter-rater
reliability.
Spoormakers T*1, Graat E2, Serra Braganca F1, Brommer H*1, Weeren P*1
1Department of Equine Sciences, Faculty of Veterinary Medicine, Utrecht University, Utrecht, Netherlands, 2Department of Animal Sciences, Adaptation
Physiology, Wageningen University and Research, Wageningen, Netherlands.
 
Introduction
 In the classic lameness examination, gait quality is assessed by subjective scoring, which is known to have poor inter-observer agreement. This is one of the
reasons why the use of objective, quantitative gait analysis techniques is rapidly gaining momentum. Little is known about inter-rater agreement of evaluation
of back motion, for which no clinically applicable objective assessment technique is available thus far.
  
Materials and Methods
 A total of 70 equine professionals (veterinarians and physiotherapists) and veterinary students evaluated videos of 12 healthy horses at walk and trot on a hard
surface in a straight line. Nine parameters were scored: general mobility, thoracic, lumbar, lumbosacral flexion and extension and left and right thoracolumbar
latero-flexion.
  
Results
 Inter-rater reliability, estimated with intra-class correlation coefficients of scores, for all parameters, were very poor (<0.2) and did not improve when correcting
for the profession or expertise. Out of 15,120 scores (70 observers, 12 horses, gaits, 9 parameters), 37.2% were scored as having pathology.
  
Discussion / conculsions
 All horses were in regular use and were deemed healthy, but participants suspected pathology in a large proportion of these. This may be due to undetected
disorders, but is most likely caused by expectation bias. The very low inter-rater reliability scores indicate the high degree of subjectivity in scoring back
mobility and stresses the need for the introduction of more objective and reproducible techniques than simple visual assessment.
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A pilot study to evaluate the in vitro performance of the
double forwarder knot, compared to square and surgeon’s
knots using large gauge suture
Marchant E1, Gillen A*1, Munsterman A*2, Caston S*1, Kersh K*1, Tatarniuk D*1, Swor T*1, Hanson R*3
1Iowa State University, Ames, USA, 2University of Wisconsin-Madison, Madison, USA, 3Auburn University, Auburn, USA.
 
Introduction
 The double forwarder (DF) knot is a self-locking knot that can be tightened to place an encircling ligature in a small space. The objective was to evaluate, in
vitro, the strength and size of the DF knot in comparison to surgeon’s (SU), and square (SQ) knots using large gauge suture.
  
Materials and Methods
 Knots were tied using 2 and 3 USP polyglactin 910 and were tested on a universal testing machine under linear distraction. Mode of failure and knot holding
capacity (KHC) were recorded. Knot volume and weight were determined by digital micrometer and balance. Knot strength, size, and weight between knot
type, number of throws, and suture type and size were compared using ANOVA testing.
  
Results
 The DF knot, with all numbers of throws, had a higher KHC than SQ and SU knots with 4 or 5 throws (P<0.001). When 6 to 8 throws were placed on a SQ and
SU knots, the DF knot exhibited comparable KHC. All DF knots failed by suture breakage at the knot, whereas some square and surgeon’s knots slipped when
less than 6 throws were applied.
  
Discussion / Conclusions
 Based on these results, the DF knot may provide some strength advantage compared to SQ and SU knots with less than 6 throws. Additional ex vivo and in
vivo testing is needed.
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Accumulation of Metronidazole in Synovial Fluid Following
Regional Limb Perfusion in Standing Horses
Gustafsson K1, Tatz AJ*1, Dahan R1, Britzi M2, Soback S2, Abu Ahmad W3, Kelmer G*1
1Department of Large Animal Medicine and Surgery, Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot, Israel, 2National
Residue Control Laboratory, Kimron Veterinary Institute, Beit Dagan, Israel, 3Hebrew University-Hadassah Braun School of Public Health and Community
Medicine, Jerusalem, Jerusalem, Israel.
 
Introduction
 Metronidazole is a bactericidal antimicrobial used for treatment of anaerobic bacteria including Bacteroides spp, an identified agent in synovial sepsis in
horses. Bacteroides spp. are generally resistant against commonly used antibacterial drugs including cephalosporins and aminoglycosides but are highly
susceptible to metronidazole. Intra-venous-regional-limb-perfusion (IVRLP) is an established method for delivering high concentrations of antimicrobials to
synovial structures of the distal limb in horses. The objective of this study was to evaluate the pharmacokinetic properties of metronidazole in synovial fluid
following IVRLP in standing horses.
  
Materials and methods
 Seven adult horses underwent IVRLP with 500mg of metronidazole dispensed with 0.9% NaCl to a total volume of 108ml. Synovial fluid was collected from the
distal interphalangeal joint at time (T) 0, 15 and 30 minutes and at 2,12 and 24 hours. Synovial metronidazole concentrations were determined by liquid
chromatography/tandem mass spectrometry. Statistical calculations were made using computer software programmes (Stata14 and SPSS24).
  
Results
 Mean and median Cmax were 327 and 259 µg/ml. Mean and median Tmax were at 26 and 30 minutes. The concentration decreased quickly below therapeutic
levels and only time points 15min and 30min were significantly different from the synovial concentrations at T=0.
  
Discussion / Conclusions
 Although metronidazole IVRLP results in high synovial concentration in the initial 30 minutes, concentrations decrease quickly to below therapeutic levels
making it unsuitable for single therapy. Nevertheless, IVRLP with metronidazole can be considered pre-operatively in penetrating foot injuries but, for further
treatment of anaerobic infections, IVRLP with metronidazole seems ineffective and other routes of administration should be explored.
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Accumulation of amikacin in synovial fluid when given in
combination with dexamethasone in intravenous regional
limb perfusion in standing horses
Gustafsson K1, Tatz AJ*1, Dahan R1, Britzi M2, Soback S2, Abu Ahmad W3, Kelmer G*1
1Department of Large Animal Medicine and Surgery, Koret School of Veterinary Medicine, The Hebrew University of Jerusalem, Rehovot, Israel, 2National
Residue Control Laboratory, Kimron Veterinary Institute, Beit Dagan, Israel, 3Hebrew University-Hadassah Braun School of Public Health and Community
Medicine, Jerusalem, Jerusalem, Israel.
 
Introduction
 Septic synovitis in horses is a life-threatening infection accompanied by an inflammatory response creating oedema, heat and pain in the region of the affected
synovial structure. Dexamethasone is a long-acting corticosteroid known to reduce inflammation and pain, hence it is widely used in combination with
antimicrobials in treatment of human joint disorders. The aim of this study was to evaluate amikacin pharmacokinetics in the metacarpophalangeal joint when
given in combination with dexamethasone through intra-venous-regional-limb-perfusion (IVRLP) compared to matched controls receiving solely amikacin.
  
Material and Methods
 Eight (n=8) horses underwent cephalic IVRLP with an esmarch tourniquet for 30 minutes on two occasions, once with 2g of amikacin and 10mg of
dexamethasone dispensed into 0.9% NaCl to a total volume of 100ml and, after a 2- week washout period, the same protocol was used but without
dexamethasone. Samples of synovial fluid and serum were obtained at T=0, 30minutes, 2hours, 6hours, 12hours, 24hours and 36hours. Amikacin
concentration was determined using a liquid chromatography/tandem mass spectrometer system. Computer programs (Stata 14 and SPSS 24) were utilized
for statistical calculations.
  
Results
 No significant difference was found between the treatment and control group using a t-test (P= 0.513) and in linear mixed effects (P=0.597), after controlling for
the variability between horses.
  
Discussion/conclusions
 Dexamethasone can be used in combination with amikacin in IVRLP in cases of septic synovitis without influencing amikacin concentration in the synovial
structures. The efficacy of such treatment should be studied further prior to recommendation for clinical use being given.
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Anatomical variation of the occipital crest in young Dutch
Warmblood horses: A radiographic study.
Scheffer CJW*1, Hoogendoorn AC1, Van Loon VJF1, Mijs CC1, Greve JW1, Veraa S2
1Equine clinic "De Watermolen", Haaksbergen, Netherlands, 2Division of Diagnostic Imaging, Faculty of Veterinary Medicine, utrecht Universitiy, Utrecht,
Netherlands.
 
Introduction
 With the introduction of radiographic assessment of the equine spine during pre-purchase examination, the need to be familiar with the normal anatomic
variation of cervical structures grows. Little is known about the normal anatomical variation and developmental changes during early life of the occipital crest in
horses. The aim of the study was to identify morphological radiographic variation of the occipital crest in young Dutch Warmblood horses.
  
Materials and Methods
 Radiographic examination of the cervical spine was performed in 29 Dutch Warmblood horses at one month, six months and 18 months of age. The shape
together with presence, location and activity of mineralisation of the occipital crest was assessed.
  
Results
 Shape variations and presence of mineralisation at the occipital crest was identified in all horses. However,the size, activity and shape of the occipital crest
differed over time. Mineralisation formed earlier at the dorsal part then at the ventral part of the occipital crest.
  
Discussion / Conclusions
 A large number of anatomical variations of the occipital crest can be detected radiographically in young, sound horses. This might be of interest when
evaluating the occipital crest during pre-purchase or lameness examinations.
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Carbon-nanotube-chitosan-hydroxyapatite composite
enriched or not with mesenchymal stem cells for potential
use in bone defects - An experimental study
MARCONDES GMM1, PARETSIS NFP1, FULBER JF1, GUERRA JLG2, FANTONI DTF1, MACEDO ASM1, ZOPPA ALV1
1Department of Surgery, School of Veterinary Medicine and Animal Science of the University of São Paulo (USP), São Paulo, Brazil, 2Anhembi-Morumbi
University, São Paulo, Brazil.
 
Introduction
 Bone regeneration may face challenges in large gap defects. Natural constituents such as chitosan and hydroxyapatite have been proved to have a positive
influence on bone healing. The purpose of this study was to assess the biocompatibility and osteoconductive properties of carbon-nanotube-chitosan-
hydroxyapatite composite (CNCHC), enriched or not with BMMSC, in rat calvarial defects. Our hypothesis was that the biomaterial, aside from being enriched
with BMMSC or not, is biocompatible with the target tissue and has osteoconductive abilities that make these two groups superior to a control group that did
not receive any type of biomaterial.
  
Materials and Methods
 All the procedures were approved by the Institution’s Animal Ethics Committee (2326181016). Thirty 120-day-old male Wistar rats were underwent a calvarial
ostectomy performed using a 5 mm trephine. The animals were randomly assigned into 6 groups.
  
Results
 Histologic grading showed that rats from the control group had significantly lower inflammatory infiltrate at 20 days compared to other groups (P = 0.005). Rats
from the control group also had lower granulation tissue scores and less novel bone was formed in both post-operative assessments. Osteoclastic grading
performed by histological assessment was less evident in the control group at both assessment periods (20 days after surgery; P= 0.003) and at 60 days after
surgery (P = 0.015), when compared to the others. The predominance of a mononuclear inflammatory infiltrate was observed under light microscopy (LM).
  
Discussion / Conclusions
 Our results suggest that CNCHC can be successfully applied in critical gap defects created in rat calvaria, showing proper biocompatibility and osteoconductive
characteristics by creating a scaffold to the surgical fixing techniques.
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Comparison of the length and width of the linea alba in the
standing and dorsally recumbent horse
Verkade ME1, Wiemer P2
1B&W Equine Vets, Breadstone, United Kingdom, 2De Lingehoeve Diergeneeskunde, Lienden, Netherlands.
 
Introduction
 Further research on the anatomy and biomechanical behaviour of the normal equine linea alba (LA) is required to reduce the risk of incisional complications
post-operatively. The aim of this study was to compare the length, width and thickness of the LA of the horse in a standing and dorsally recumbent position.
The hypothesis was that the LA is smaller and shorter in the dorsally recumbent horse.
  
Materials and methods
 The LAs of 30 horses undergoing elective surgery were evaluated. The LA length was measured from xiphoid to umbilicus with the horse in dorsal recumbency
and five reference points were determined. Transverse ultrasonographic images at the reference points were obtained using a linear probe and LA width and
thickness were measured. Measurements were repeated once the horse was standing. The retrieved measurements from both positions were analysed for
significant differences (P<0.05).
  
Results
 The length of the LA showed a significant difference between the 2 positions (p=0.00000029) and increased by 19% when the horse was standing. The LA
width was significantly wider with the horse standing compared to dorsal recumbency at 4 reference points (xiphoid; P=0.032, middle; P=0.025, ¾ along LA;
P=0.016 and the umbilicus; P=0.01). LA thickness showed no significant difference between positions.
  
Conclusion
 The equine LA appears to be significantly wider and longer in the standing horse, compared to the horse positioned in dorsal recumbency. This could increase
the tension on the sutures of the ventral midline after laparotomy and should be taken into account when closing the abdomen.
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Conservative treatment of a comminuted fracture of the
fourth carpal bone in a yearling Arabian mare
Obrochta B, Turek B
Department of Large Animals Diseases with Clinic, Faculty of Veterinary Medicine, Warsaw University of Life Sciences, Warsaw, Poland.
 
Introduction
 Horses with comminuted fractures of the carpal bones are underdiagnosed, usually because of difficulties in detection of these during standard radiographic
examination. Current studies describing cases of comminuted fractures of the fourth carpal bone propose a pancarpal or partial carpal arthrodesis as the only
successful method of therapy.
  
Materials and Methods
 Case description. An 11-month-old Arabian filly with a 4 day duration of a 3/5 grade forelimb lameness was admitted to the clinic. Computed tomography (CT)
scan showed a comminuted fracture of the fourth carpal bone with an accompanying slab fracture of the ulnar carpal bone and several chip fractures within
surrounding bones. A heavy bandage starting below the elbow to the foot supported by a semicircular splint was applied for 6 weeks. A reinforced bandage
was applied for the  following 4 weeks. Stall rest for this period was recommended.
  
Results
 7 months later, a firm non-painful swelling of the carpus was noted. Flexion was not painful but was reduced. The mare was sound at walk on soft and hard
ground as well as at  trot on a straight line. Radiographs showed mild proliferative bone changes on the dorsolateral surface of the fourth carpal bone and
osteoarthritis of the lateral aspect of carpometacarpal and middle carpal joints. No signs of instability or angular deformities were identified.
  
Discussion / Conclusions
 Conservative treatment may be considered as an alternative method of treatment for comminuted fracture of the fourth carpal bone in cases without instability
and severe injuries of the ligamentous apparatus. This type of management does not preclude surgical intervention in the future.
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Creation of a standard lesion in the articular cartilage of the
rabbit by arthroscopic approach; introduction an operating
cradle to standardise the procedure.
Vos NJ*
Netherlands, Amsterdam, Netherlands.
 
Introduction
 The rabbit is often used for research in cartilage repair via arthrotomy. In this study the aim was to determine if the creation and filling of an articular cartilage
defect in the femoro-patellar joint with the aid of arthroscopy and CO2 gas insufflation was viable in an in-vitro setup in order to be used ultimately in an in-vivo
rabbit cartilage bioengineered tissue research model.
  
Material and Methods
 Four hind limbs were used from New Zealand White rabbits, fixed in a unique cradle device  in such a position that defects created in the trochlear ridge of the
femoro-patellar joint would be parallel to the ground floor surface.
  
Results
 Dissection after surgery showed standard defects in size, form and shape but these were shallow. In 10 out of the 22 lesions created,  damage to the edges of
the defects was apparent. Also inadvertent iatrogenic damage was noted in all the joints.
  
Discussion / Conclusions
 A minimally invasive surgical (arthroscopic) approach to the rabbit’s stifle joint is possible with CO2-gas insufflation. The specially designed cradle promoted
stability and facilitated the creation of a standard defect. Making a standard defect in the articular cartilage however was difficult and time consuming.
Therefore creation of a standard cartilage defect in the rabbit can probably be best performed using an “open” (arthrotomy) approach, with the rabbit secured in
the cradle.
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Development of a standardized and repeatable protocol to
obtain highly concentrated platelet rich plasma for horses
Cuevas-Ramos Gabriel GCR1, Vidal Luis LV2, Prades Marta MP*3
1Ecole Nationale Vétérinaire de Toulouse, Toulouse, France, 2Proteal, Barcelona, Spain, 3Universidad Autonoma de Barcelona, Barcelona, Spain.
 
Introduction
 Platelet rich plasma (PRP) is widely used in the equine industry. With platelet degranulation, a great number of growth factors contained in the alpha granules
are released which are responsible for initiating and maintaining the healing process, such as platelet derived growth factor (PDGF). The objective of this work
was to validate the conditions for PRP preparation using a closed kit.
Materials and Methods
 PRP was prepared using a double centrifugation protocol. Five research horses were used. For the first centrifugation step, five different conditions were
evaluated (1497, 2104, 2456, 2839, 3659 x accumulated gravity force (g.min)) and four for the second centrifugation (839, 3659, 4677, 5760 x g.min).
Validation of the process was done using five other horses.
Results
 The first centrifugation was set up at 3052 g.min, and the second centrifugation stablished at 5040 g.min. These settings allowed us to obtain a highly
concentrated PRP with platelet, leucocyte and red blood cell concentrations of 756 ± 143 x106/mL; 3.7 ± 1.8 x106/mL; 0.01±0.01 x109/mL, respectively. The
mean platelet concentration factor obtained was 6.4x ± 1.3. PDGF was quantified, with a mean concentration of 37ng/ml.
Discussion / Conclusions
 This study shows the establishment of a repeatable and standardized method to obtain highly concentrated (6.4x ± 1.3) leuco-reduced PRP.
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Diagnostic and surgical approach for removal of metallic
foreign bodies in the tongue of horses
Ensink JM*
Department of Equine Sciences, Utrecht, Netherlands.
 
Introduction
 Foreign bodies (CA = corpus alienum) in the tongues of horses are often metallic, making them easier to find using diagnostic imaging. Even when the CA is
found on a radiograph or computed tomography (CT) scan, removing it can be challenging.
  
Material and Methods
 Retrospective review of case records identified two horses with metallic foreign bodies in the tongue.
  
Results
 The first clinical signs were fever, difficulty eating and salivation. Later, severe swelling resulted in an inability to eat or drink. The CT scans of both horses
showed thin, 4 cm-long metallic foreign bodies at the level of the 308-310. In Horse 1 the CA was removed using an oral approach. In Horse 2 an
intermandibular approach was used and the CA was removed using 5 mm laparoscopic grasping forceps. Follow-up showed that both horses made a full
recovery.
  
Discussion/Conclusions
 When the CA is a needle or thin piece of wire, the entrance wound is usually not apparent and the attendant infection will lead to severe swelling of the tongue.
If the CA is not too dorsal in the tongue, an approach from the intermandibular space may be better than an oral approach. The small width between the
mandibles may be a drawback. In the case of Horse 2, a 5 mm laparoscopic grasping forceps was successfully used. The successful use of a mandibular
symphysiotomy for better exposure has also been described. Once the foreign body has been removed, the prognosis for return to full function is excellent.
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Ear canal stenosis in a foal: CT evaluation and Zepp
surgery
Iglesias-Garcia M1, Manso-Diaz G2, Martin-Cuervo M1, Fuentes B1, JImenez J1, Ezquerra Calvo LJ*1
1Hospital Clinico Veterinario/ Universidad de Extremadura, Caceres, Spain, 2Hospital Veterinario Complutense/Universidad Complutense de Madrid, Madrid,
Spain.
 
Introduction
 Diseases of the external ear canal in the horse are uncommon. Congenital malformations such as atresia affecting the external ear canal have been reported
in humans and dogs. To the  authors' knowledge, congenital atresia or stenosis has not been reported in horses.
  
Materials and Methods
 Case description of a  2-month old Portuguese foal  presented at the clinic for evaluation of the left ear due to a purulent discharge.
  
Results
 Otoscopic evaluation was performed, revealing  narrowing of the distal part of the external ear canal. Marked narrowing of the middle aspect of the distal
portion of the left external ear canal was seen. A  Zepp procedure (lateral wall resection of the ear canal) was performed as treatment. The cosmetic and
functional result when the foal was 6-months old was excellent.
  
Discussion / Conclusions
 Otitis externa was secondary to stenosis or an almost fully atresic ear canal. This partial atresia was located at the distal part of the ear canal as an otoscopic
examination revealed.  This kind of congenital malformation has not been described in the equine literature. We performed the Zepp technique in the foal in
order to communicate the proximal part of the ear canal with the outer and to improve ventilation. In this way,  secondary otitis externa was resolved.  To our
knowledge this is the first description of a stenosis of the distal portion of the ear canal in the horse, and the lateral wall resection (Zepp procedure) is an
appropriate treatment.
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Equine PRP: Quality assessment after storage and different
methods of activation on growth factor bioavailability
Saban C, Pagliara E, Grego E, Riondato F, Bertuglia A
Dipartimento di Scienze Veterinarie, Università degli Studi di Torino, Grugliasco, Italy.
 
Introduction
 Platelet (PLT) concentrates are increasingly used in veterinary medicine. In most instances, multiple doses of autologous platelet rich plasmas (PRPs) need to
be injected intra-articularly. This repeated treatment raises a series of practical problems concerning preparation methods, optimal storage and activation of the
final product.
  
Materials and Methods
 Eighteen sport horses of different ages and sex were enrolled. Quality assessment of the PRP was performed by platelet count, pH measurement, bacterial
analyses and swirling test (evaluation of the turbulence of the solution during bag trans-illumination) in fresh and frozen PRPs for 14 and 30 days. Six samples
were randomly chosen and activated using 4 different methods: CaCl2, freeze/thaw, sonication and combination of the last two methods. Thirteen growth
factors (GFs) were measured using cytofluorometry and ELISA assays in these activated PRPs.
  
Results
 All samples were sterile, with an adequate pH for clinical use, even in cryopreserved samples. The swirling test was positive only in PRPs with a significant
concentration of intact platelets. Physical activation by 3 cycles of freeze/thaw or sonication allowed a significant increase of GFs in the preparation.
  
Discussion and Conclusions
 Physical activation can be a cost effective method to release a great amount of GFs for treatment. Cryo-conservation of PRP does not alter the quality of the
preparation for a ready-to-use treatment in clinical practice. Swirling test is a simple test to assess the concentration of intact platelets. Further studies are
necessary to assess the in vivo effectiveness of frozen PRPs.
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Investigation of the load distribution pattern in laminitic
horses using the Hoof™ System
Al Naem M, Geburek F*, Roecken M, Litzke LF
Clinic for horses, Department of Surgery, Faculty of Veterinary medicine, Justus-Liebig-University, Giessen, Germany.
 
Introduction
 The objective of this study was to describe the load distribution pattern in horses with laminitis.
  
Matreials and Methods
 Thirty-eight client-owned laminitic horses presented at the university were included in this study. The horses were allocated into two groups; Group 1: laminitic
horses immediately after  the clinical signs of acute laminitis had subsided; Group 2: chronic laminitic horses presented for orthopedic shoeing. Additionally 16
sound, unshod horses (control group) were also included. Both forelimbs were equipped with the Hoof™ System. For each measurement, loading and timing
variables were analysed.
  
Results
 The time to peak vertical force (TPVF) in the toe region in Group 1 and Group 2 occurred at 89 ± 8.5% and 85 ± 6.5% of stance phase duration respectively,
whereas the TPVF in the control group occurred at 76% ± 6. The percentage of vertical force (VF) in the heel region in Group 1 (40%) and Group 2 (39%) was
the highest compared to other regions, while the VF in the toe region in the control group (46%) was the highest. The VF in the toe region in Group 2 increased
about 3% compared to Group 1.
  
Discussion/Conclusions
 In horses with laminitis, the load in the heel region is the highest compared to other regions. Increasing the load of the toe region in Group 2 compared to
Group 1 can potentially be attributed to progression of the healing process in the damaged lamellae. The highest load of the toe region in laminitic horses
occurred during the break-over phase.
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Klotho depletion could contribute to Increased
Inflammation secondary to intestinal ischemia-reperfusion
Marañon G1, Manley W1, Perrin R*2, Manley Y1, Rancan L3, Vara E3
1HORSEPITAL SL, Madrid, Spain, 2Clinique Equine Desbrosse, Saint Lambert Des Bois, France, 3D. Biochemistry and Molecular Biology. F of Medicine,
UCM, Madrid, Spain.
 
Introduction
 Intestinal ischemia-reperfusion (IR) is associated with an intense local and systemic inflammatory response that can affect both local and distant organs. 
Klotho is an anti-aging protein that extends the lifespan and modulates cellular responses to oxidative stress. However, the potential role of klotho in
modulating the inflammatory response to ischemia-reperfusion remains unclarified. The aim of this study was to investigate if an ischemia-reperfusion induced
intestinal inflammatory response is accompanied by a change in klotho expression.
  
Materials & Methods
 Twenty  horses subjected to emergency abdominal surgery (SC group) of the small intestine (intestinal volvulus) and 4 horses destined for euthanasia (Control
group)  for reasons unrelated to the cardio-vascular system or gastrointestinal tract were used. All animals received the same anaesthesic protocol.  Intestinal
biopsies were taken and Klotho expression and inflammatory cytokines (TNFα, IL1β), NFkB, IκB and MAPK p38 activation were measured.
  
Results
 Intestinal Klotho protein expression was significantly decreased (P<0.001) in the IR group, and this effect was accompanied by  NF-κB activation (P<0.05) and
subsequent production of inflammatory cytokines (P<0.001), without affecting IkB expression. IR also increased p38 MAPK phosphorylation (activation)
(P<0.05), as compared to control group.
  
Discussion / Conclusions
 The results suggest an anti-inflammatory function for Klotho in the intestine and that an adequate tissue level of Klotho may provide protection against
inflammation. Loss of klotho may be a common denominator linking increased oxidative stress, NF-κB activation, and liver injury secondary to IRI
Stream: LA   |   Session: Posters 
Date/Time: 05-07-2019 (16:30 - 17:30)   |   Location: BCC: BARTOK I-II
Back to contents
LOCOMOTOR PATTERN OF HORSES AFTER A CONSTANT
RATE INFUSION OF MEDETOMIDINE ALONE OR
COMBINED WITH MORPHINE AND/OR KETAMINE FOR
STANDING PROCEDURES.
López-Sanromán FJ*1, Troya Portillo L2, Gómez Cisneros D3, Santiago Llorente I2, Villalba Orero M1
1Department of Animal Medicine and Surgery, Universidad Complutense de Madrid, Madrid, Spain, 2Veterinary Teaching Hospital, Universidad Complutense
de Madrid, Madrid, Spain, 32Clinical and Surgical Department, Universidad de Panamá, Panama City, Panama.
 
Introduction
 The aim of the present study was to determine if the addition of ketamine and/or morphine to a constant rate infusion of medetomidine affects ataxia and the
recovery time for a normal locomotor pattern to return. Six mature horses were used in a prospective, randomised crossover study.
  
Material and methods
 Four treatments were administered during 120 minutes in all horses (medetomidine; medetomidine-morphine; medetomidine-ketamine; medetomidine-
morphine-ketamine). The Equimetrix® gait analysis system was used, and accelerometric recordings were obtained prior to the administration of any drug and
6 times after CRI discontinuation (Time 130, 145, 160, 175, 190, 205 minutes). Variables included were speed, stride frequency, stride length, regularity,
dorsoventral activity, propulsion power, mediolateral power, total power, force of acceleration and the three parts of the power.
  
Results
 Significant differences were observed between treatment groups over time for all variables. Significant differences in regularity values were longer following
CRI in the medetomidine group whereas, for the other three treatments, differences lasted only 10 minutes. Total power and force values showed significant
reductions lasting up to 55 minutes in both groups where morphine was added and at all subsequent measuring intervals in the medetomidine-ketamine group.
  
Discussion/Conclusions
 Importantly, this study demonstrates that when adding morphine and/or ketamine to a medetomidine based constant rate infusion, stride to stride stability is
recovered sooner, which may be especially useful for orthopaedic standing procedures. Sedation lasted longer after treatment when only ketamine was added.
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Meta-analysis of the effect of treatment options on the
survival of horses with nephrosplenic entrapment
Gillen A*1, Kottwitz J2, Munsterman A*3
1Iowa State University, Ames, USA, 2Auburn University, Auburn, USA, 3University of Wisconsin-Madison, Madison, USA.
 
Introduction
 Several manuscripts evaluate the different treatment options for nephrosplenic entrapment, however, many of these manuscripts provide contradictory results.
The objective was to provide a systematic meta-analytic assessment of the efficacy of the use of different treatment options in medical and surgical treatment
of horses with confirmed or suspected nephrosplenic entrapment.
  
Materials and Methods
 A literature search utilised PubMed/MEDLINE from January 1970 to January 2017. Retrospective studies involving horses with confirmed and suspected
nephrosplenic entrapment were included. A meta-analysis was performed using a random effects model, with the effect size calculated as an odds ratio (OR)
with 95% confidence intervals (CI). Statistical significance was P<0.05.
  
Results
 Out of 84 peer reviewed publications that met the search criteria, 19 relevant studies were identified. Using an OR as the effect size, the meta-analysis noted
phenylephrine to have no significant effect on the success of medical therapy, (OR: 3.683; 95%CI: 0.330-41.147; P=0.290). The meta-analysis also found no
significant differences in the success rates of the rolling or jogging procedures (OR: 1.737; 95% CI: 0.765-3.954; P=0.187).
  
Discussion/Conclusion
 In this meta-analysis, treatment choice was not demonstrated to have an ability to enhance the success of medical therapy or survival. Limitations include the
small size of some comparison groups and the known difficulties with diagnosis of nephrosplenic entrapment.
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Partial aneurysmectomy and autologous patch venoplasty
of the jugular vein in a horse
De Clercq E1, Martens A*1, Matthys H1, Wiemer P2, Ugahary F3, Van Loon G1
1Faculty of Veterinary Medicine Ghent University, Ghent, Belgium, 2De Lingehoeve Diergeneeskunde, Lienden, Netherlands, 3Consultant in General Surgery,
Tiel, Netherlands.
 
Introduction
 Experience with vascular surgery is limited In horses and autologous vein grafts have only been used for treatment of thrombophlebitis. In human surgery
several venoplasty techniques are commonly used. The aim was to describe treatment of a jugular vein pseudo-aneurysm using an autologous saphenous
vein patch technique to create an isodiametric lumen and minimize thrombus formation.
  
Materials and Methods
 Case report of a 3-year-old female pony presented with an intermittent local swelling of the left jugular vein following previous thrombophlebitis and resultant
exercise intolerance. Ultrasonographic examination revealed a large pseudo-aneurysm. Treatment consisted of a partial aneurysmectomy preserving part of
the vein wall. The saphenous vein was harvested and was cut longitudinally to increase the surface of the patch, which was then sutured to the remaining
jugular vein wall. Anticoagulants, antimicrobial and anti-inflammatory drugs were administered post-operatively. Follow-up ultrasound examination showed
narrowing (0.7cm) of the caudal part of the graft.
  
Results
 At 2 and 8 months post-operatively, no external deformation of the jugular vein was visible. Ultrasonography revealed patent blood flow with limited lumen
narrowing (1.5cm) and a homogeneous vein wall, except for some remaining sutures.
  
Discussion / conclusions
 The patch venoplasty proved a viable surgical technique for jugular vein reconstruction resulting in an isodiametric lumen, no thrombus formation and a good
cosmetic outcome. Additional research is needed to evaluate other venoplasty techniques for treating vascular pathology in horses.
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Patellar Ligament Desmopathy in Sports Horse Hind-limb
Push-off Lameness
Rhodin M1, Wright L2, Hernlund E1, Persson-Sjodin E1, Ekman S1, Grabski M*1, Uhlhorn M1
1Swedish University of Agricultural Sciences, Uppsala, Sweden, 2Evidensia Equine Hospital, Helsingborg, Sweden.
 
Introduction
 Push-off type hind-limb lameness, identified using objective gait analysis as a lower total upward vertical pelvic excursion after push-off, warrants investigation
of the stifle based on this region´s functional importance in power production. The purpose of this study was to describe hind-limb push-off lameness in horses
related to the patellar ligaments (PLs).
  
Materials and Methods
 Medical records of horses undergoing optical or sensor-based gait analysis lameness investigations at the Swedish University of Agricultural Sciences 2017-
2018 were reviewed, and cases with a hind-limb push-off lameness related to the PLs based on diagnostic anesthesia, and/or PL Doppler ultrasonography
findings, were included.
  
Results
 Nine sports horses with unilateral lameness related to PL pathology were included. Intra-aticular (i.a.) stifle anesthesia was positive in 2/9 horses. PL infiltration
anesthesia was positive in 5/7 horses non-responsive to i.a. anesthesia and 2 horses were negative to both. A total of 7/9 horses had PL pathology; of
10 desmitic PLs, the middle was most commonly affected (6/10).  Neovascularization was detected in 5/10. Two horses positive to PL anesthesia lacked
ultrasonographic changes. Following conservative (7/8) or surgical (1/8) treatment, 7/8 were improved/sound; in 1/8 lameness was unchanged at follow-up (1-9
months). One horse was euthanized for unrelated pathology.
  
Discussion/ Conclusions
 Horses with PL pathology responded variably to diagnostic anesthesia. PL neovascularization and the infiltration technique have not been described
previously. In conclusion, hind-limb push-off lameness may be associated with PL desmopathy. Further investigation of the optimal blocking technique is
needed to evaluate the clinical significance of ultrasonoraphic findings and treatment options.
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Postoperative fever in horses: How to know if it is
piroplasmosis?
Barros C, Rosa TV, Magalhães MC, Brito TV, Duarte A, Lamas LP*
Serviço de Cirurgia e Urgências de Equinos, Faculdade de Medicina Veterinária, Lisboa, Portugal.
 
Introduction
 Equine piroplasmosis is an endemic disease in many countries and it can remain subclinical until a state of immune suppression is reached. Surgery appears
to be sufficient to induce clinical disease. Differentiating clinical signs (fever) from other causes of  post-operative fever can be challenging. The aim of this
study was to identify early markers that might distinguish piroplasmosis from surgical site infection.
  
Material and Methods
 Blood samples from horses with post-operative fever were submitted for qPCR for T. equi and B. caballi detection. Each blood sample also underwent
hematological analysis for determination of total protein (TP), Serum Amyloid A (SAA), plasma fibrinogen and plasma iron. Additionally, we recorded how long
(days) it took for the first fever episode to develop.
  
Results
 qPCR detected 6 positive horses (55%) to T. equi. Five were deemed negative (45%) for piroplasmosis. The most significant parameters (P<0.05) between
positive and negative horses were leucocytes (11,1 ± 2.82x103 vs 5.92 ± 2.53x103 cells/µL), and days to fever (7.67 ± 4.08 vs 2.20 ± 2.68x103 cells/µL),
respectively. AP markers did not show significant differences between groups.
  
Discussion/Conclusions
 Equine piroplasmosis should be considered as a cause of post-operative fever. We highlight the usefulness of qPCR in the diagnosis of this disease. However,
differentiating piroplasmosis from other causes post-operative fever based on hematological and AP markers is challenging. The time to develop fever and the
total WBC seem to be best indicators for the clinician when making decisions about the origin of the fever.
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Prognosis and Complications after Autologous
Implantation as a treatment for Aggressive Equine Sarcoids
(35 horses): Three cases of Sarcoid Growth at Implantation
site.
De BEAUREGARD T*, COLLIMARD C, PASQUALUCCI C, DEMESMAEKER C
Equine clinic Meslay-du-maine, France, France.
 
Introduction
 Sarcoids are the most common skin neoplasm in equids and are induced mainly by Bovine Papilloma Virus 1. The overall described success rate is 75%. The
aim of this study was to determine the success rate (SR) and complications after Autologous Implantation (AI) for treatment of sarcoids.
  
Materials & Methods
 All horses that received AI alone or combined in 2015-18 were included. If possible, a large excision was performed electrosurgically. The sarcoid was cut into
pieces and was submerged in liquid nitrogen before being reimplanted subcutaneously in the neck. In a few cases, pieces were not submerged in liquid
nitrogen as an attempt to increase efficacy of treatment. Follow-up was performed by telephone.
  
Results
 A total of 35 horses were included. Long-term follow-up was at a median 12 months (5-39). SR was observed in 24 horses (68.5%) or in 130 sarcoids (70%). If
AI was the first treatment, SR was observed in 14 horses (93%) but only 50% as second. Three horses (where sarcoid was not submerged into nitrogen) had a
regrowth of sarcoid at the AI site.
  
Discussion/ conclusions
 The overall SR (68.5%) was comparable to those reported. If “acceptable results” are included, the score reaches 94%. The very high SR (93%) in horses
treated the first time and in sarcoids treated by AI only (6 horses;100%), might prove that AI alone as a first treatment is interesting.Three horses developed
new sarcoids at AI when sarcoid pieces were not submerged in liquid nitrogen. Skipping this step is therefore dangerous. This study shows that AI and
therefore immunity stimulation plays a part in sarcoid treatment.
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Subluxation of the elbow joint in cattle - a case series
Devaux D1, Müller J1, Butty MA2, Steiner A2, Nuss K1
1Division for Farm Animal Surgery, Vetsuisse Faculty, University of Zurich, Zurich, Switzerland, 2Clinic for Ruminants, Vetsuisse Faculty, University of Bern,
Bern, Switzerland.
 
Introduction
 Joint luxation or subluxation in cattle is an uncommon condition. As there are no reports of elbow joint subluxation in cattle in the literature, our aim was to
describe the clinical signs, results of diagnostic imaging, and treatment of radioulnar subluxation in cattle, and to present the short- and long-term prognosis.
  
Materials and Methods
 Case series involving: a 3-year-old, 7 months pregnant Red Holstein dairy cow; a 2-year-old, 1 month post-partum Red Holstein dairy cow; and a 9-month-old
Holstein heifer. They  presented with acute, 4/5 grade, mixed lameness of one forelimb. There was a painful effusion of the elbow joint and radiographs as well
as ultrasonography demonstrated radio-ulnar subluxation with lateral displacement of the radius and ulna.
  
Results
 All 3 cows were treated conservatively. With the animals under general anaesthesia and in lateral recumbency with the affected leg uppermost, the elbow joint
was manually reduced with flexion and rotation of the limb. No additional devices were necessary. After reduction, no internal or external fixation was provided.
Recovery from anaesthesia and the short-term clinical course were uneventful in all 3 cases. At follow-up, between 7 months and 1 year after reduction, the
animals were completely sound and were housed normally.
  
Discussion/Conclusions
 Successful treatment of radio-ulnar subluxation in cattle can be achieved with closed reduction. Complete clinical and radiographic healing was documented
after 2 to 4 months of box stall confinement and the animals were re-introduced into the herd with pasture access.
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Successful repair of a diaphragmatic hernia with
simultaneously performed thoracotomy and median
laparotomy in a horse
Simon Izing SI
Állatorvostudományi Egyetem, Budapest, Hungary.
 
Introduction
 This case report describes an unusual surgical procedure carried out simultaneously from two approaches to repair a diaphragmatic hernia in a horse.
  
Materials and Methods
 Case report of a horse referred with a history of colic. After admission dyspnea was the only evident clinical sign. The diagnosis of diaphragmatic rupture was
made based on the radiographic and ultrasonographic findings. Delaying the repair was attempted first, since mature hernial borders are considered to be
favorable for suturing. After 4 days, breathing became labored, a pleural effusion developed and a decision was made for immediate surgery to be performed.
A ventral midline abdominal incision identified a 20-cm diameter diaphragmatic tear. Surprisingly the injury seemed to be chronic and a healed rib fracture with
periosteal callus formation was also evident. Replacement of the herniated large colon was unsuccessful from this approach so another surgeon was asked to
perform a simultaneous lateral thoracotomy. Manual separation of fibrinous adhesions between the colon and thoracic body wall was essential for repositioning
the incarcerated bowel. The rent was successfully repaired.
  
Results
 The patient did not show any signs of colic or respiratory distress during the postoperative period.
  
Discussion / Conclusions
 The present case emphasizes the importance of appropriate pre-operative risk assessment in diaphragmatic herniation. Whilst diaphragmatic herniation is
associated with a poor prognosis, well planned surgery with intra-operative creativity and flexibility increases the chance of a successful outcome.
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The use of computer-assisted equine locomotor
assessment in breed-related differences in clinical
presentation of proximal suspensory desmitis
Back W*, Serra Bragança FM, Van Weeren PR*
Department of Equine Sciences, FD, UU, Utrecht, Netherlands.
 
Introduction
 The use of quantitative gait analysis systems is currently increasing and there is discussion about breed-related reference value intervals for specific types of
lameness. The most frequent owner-reported lameness in dressage horses is proximal suspensory desmitis (PSD). Significant differences in tendon
characteristics have been reported between Friesian and Warmblood horses. Therefore, the aim of this study was to objectively compare symmetry values of
horses of these breeds diagnosed with hind PSD using an Optical Motion Capture system (200Hz; n=18 InfraRed camera’s; Qhorse®).
  
Materals and Methods
 The degree of symmetry at trot of a group of 33 adult sports horses (Mean ± SD 11.2 ± 3.9 years), n=7 Friesian horses (FH) and n=25 Warmblood horses
(WB), suffering from US confirmed hind PSD was compared before and after blocking their desmitis region (GLM; P<0.05).
  
Results
 Before blocking, the mean difference in absolute minimum Vertical Pelvis Movement symmetry (MinDiff-P) for FH was 12.1±12.0 mm and for WB 7.8±6.9 mm,
while after blocking this was 7.3±12.1 mm for FH, respectively 3.0±4.8 mm for WB (P<0.05). That breed difference response after blocking was even higher for
the mean difference in relative upwards Vertical Pelvis Movement symmetry (RUD-P: 12.3±22.4 mm for FH, respectively 6.1±10.2 mm for WB).
  
Discussion / Conclusions
 The study showed that in absolute terms, the decrease of asymmetry after the blocks was similar, but that the initially higher asymmetry in Friesian horses was
retained after the blocks. This suggests that, as in the tissue characteristics of the tendons, there is also a breed-related difference in clinical presentation of
PSD.
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The use of medical grade honey as a prophylactic local
antimicrobial in equine long bone fracture repair
Haion O, Gustafsson K, Dahan R, Kelmer G*, Tatz AJ*
Department of Large Animal Medicine and Surgery, Veterinary Teaching Hospital, Koret School of Veterinary Medicine, The Robert H. Smith Faculty of
Agriculture, Food and Environment, The Hebrew University of Jerusalem, Rehovot, Israel.
 
Introduction
 Equine long bone fractures are associated with high morbidity and mortality. Factors associated with a successful outcome include young age, male gender,
closed fractures and the absence of surgical site infection (SSI). SSI is significantly associated with an increased risk of failure of fracture healing and
euthanasia. Systemic antimicrobial drugs remain the first line treatment for SSI prevention; however, current developments for orthopedic patients are shifting
from systemic to targeted local delivery. The use of sterile medical grade honey (MGH) has previously been described in established infections. In this case we
describe the use of sterile L-mesitran gel as a local prophylactic antimicrobial agent in a long bone plated repair.
  
Materials and Methods
 Case description. A 4.5-year-old 530 kg Quarter horse mare was diagnosed with an open mid-diaphyseal comminuted fracture of the left hind limb. Prior to
referral the wound was cleaned, lavaged and the open wound was injected with 10ml of sterile L-mesitran honey gel. The fracture was repaired using open
reduction and internal fixation with two 5.5 locking compression plates. Sterile L-mesitran honey was applied directly on the implants (10 ml on each plate),
before closing the skin.
  
Results
 Post-operative follow-up and evaluation was performed through repeated radiographs. The mare recovered successfully despite the presence of multiple
negative predictive factors.
  
Discussion / Conclusions
 The current study involves a single case only. However the successful outcome in this case, combined with the potentially devastating effects of SSI in equine
orthopedic surgery, may warrant further evaluation of intra-wound application of MGH in equine orthopedic surgery.
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Get the most out of imaging: 50 shades of grey for surgical
residents
Busoni V
Faculty of Veterinary Medicine - University of Liège, Liège, Belgium.
 
This time-space will be dedicated to actively work with surgery residents on imaging cases. Technical aspects, reading strategies and step-by-step models,
perception and cognition roles in image reading, structuring the image report will be treated during the seminar. Residents will be invited to actively participate. 
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Topical skin adhesive and knotless barbed absorbable
material for ventral equine abdominoplasty: a comparative
clinical study
Lepage OM*, Moulin N, François I, Gangl M*
University of Lyon, VetAgro Sup, campus vétérinaire, GREMERES Lyon Equine Research Centre, Marcy l'Etoile, France.
 
Introduction
 We assessed whether combined use of knotless barbed absorbable suture material and a topical skin adhesive achieved a proper seal and avoided suture
material removal after 14 days.
  
Materials and Methods
 This was a prospective clinical study of 42 horses that were randomly assigned to two groups (G1 and G2). Standard subcutaneous laparotomy suture material
and skin staples were used in the 22 horses in G1 and spiral knotless barbed suture material in combination with a skin mesh adhesive were used in 20 horses
in G2.
  
Results
 Average time for skin closure (expressed as centimeters per minute) was 1.8 for G1 and 1.1 for G2. At Day 3, G1 horses showed partial wound dehiscence in
2 individuals and 1 horse had major edema; in G2, partial wound dehiscence was observed in 2 horses. At Day 10, 5 horses in G1 developed partial wound
dehiscence, 1 developed total  dehiscence and 1 exhibited oedema. In G2 horses, 4 developed partial wound dehiscence. All cases of partial wound
dehiscence healed uneventfully by second intention.
  
Discussion and conclusion
 Closure time was increased in G2, but it did not affect the total surgery time or the anesthesia risk. Knotless barbed suture and skin mesh adhesive resulted in
a proper skin seal in horses. This technique is an innovative alternative in foals and in adult horses to reduce discomfort and potential physical injury to
veterinarians when it is time to remove skin material from a ventral abdominoplasty.
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Bidirectional knotless barbed versus conventional smooth
suture for closure of surgical wounds in inguinal castration
in horses
Top Adler DM, Østergaard S, Jacobsen S*
University of Copenhagen, Faculty of Health and Medical Sciences, Department of Veterinary Clinical Sciences, Taastrup, Denmark.
 
Introduction
 When castrations are performed under general anesthesia, wounds are commonly sutured for primary healing. In recent years knotless barbed suture (KBS)
materials have been introduced. Manufacturer's claims state that KBS enhances speed and security of wound closure. We thus hypothesized that closure of
surgical wounds after castration would be faster with KBS than with smooth suture (SS) and that the incidence of adverse effects would be similar in wounds
sutured with KBS and SS. 
  
Materials and methods
 Thirty normal or inguinal cryptorchid stallions were included in the study. All stallions were castrated by the inguinal procedure using the closed technique; 6
surgeons performed the surgeries. All wounds were closed in two layers using either a KBS (Quill) or a SS (Monocryl). Suturing time was recorded as duration
in seconds divided by wound length in centimeters. Short-term complications were assessed by clinical examination during hospitalization and long-term
complications were assessed based on owner interviews obtained 1.5-11 months after discharge.
  
Results
 Wound closure was achieved significantly faster with KBS than with SS (P=0.0068); all surgeons closed wounds faster with KBS than SS. No dehiscence
occurred in any of the horses sutured with KBS. There was no difference in complication rates between the KBS and SS.
  
Discussion/Conclusion
 Wound closure was faster with KBS than with SS in equine bilateral inguinal castration. Use of the KBS suture did not result in increased occurrence of
postoperative complications. Generally, suture costs are higher for barbed sutures compared with conventional sutures, which may limit its use.
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INCISIONAL COMPLICATIONS IN POST-CELIOTOMY
EQUINE PATIENTS: CAN ULTRASONOGRAPHY AID EARLY
DIAGNOSIS?
Pressanto MC, Gialletti R, Pepe M, Pilati N, Venditti R, Di Virgilio F, Beccati F
Department Veterinary Medicine, University of Perugia, Perugia, Italy.
 
Introduction
 Surgical site infection (SSI) is an important cause of postoperative morbidity after colic surgery. No studies on early diagnosis of SSI are reported. This study
investigates ultrasonography as tool for early detection of SSI.
  
Materials and methods
 Data were obtained from horses that had undergone exploratory laparotomy over 5-year period (2013-2017). SSI was defined as at least two parameters
among fever, pain at palpation, drainage, positive bacterial culture. Horses were divided in without (group NI) and with (group I) SSI. Ultrasonography
examination was performed at 5 and 10-day post-operatively; evaluated (presence/absence) ultrasonography parameters were oedema (E), focal pocket fluid
collection (PFC), heterogeneous fluid collection (HC), fistulae (F), hyperechoic spots (S). Descriptive statistics was performed. Multivariate logistic regression
was performed for models at 5 and 10 days after univariable analysis applied. Accuracy, sensibility, specificity, positive, negative predictive values were
calculated.
  
Results
 Seventy-eight horses were included, 59 in Group NI and 19 in Group I. Statistical analyses revealed HC at 5d and F and S at 10d were significant variables.
Correlation was found between 5d and 10d parameters at 5d (E-HC; PFC-PFC; HC-HC; HC-S; S-S) and at 10d (PFC-HC; F-HC; S-HC; F-S). Highest
accuracy, sensibility, specificity and positive predictive value for SSI were HC at 5d and S at 10d.
  
Discussion/Conclusion
 HC at 5-day was associated with increased likelihood of SSI. S and F at 10d are predictive reliable features. This data assists in identifying ultrasonography as
useful tool to predicts diagnosis of SSI and informing development of preventive or controlled strategies.
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Monitoring of routine hygiene management in an equine
hospital
Speck S1, Frank I1, Truyen U1, Brehm W*2
1Institute of Animal Hygiene and Veterinary Public Health, Faculty of Veterinary Medicine, University of Leipzig, Leipzig, Germany, 2Department for Horses,
Faculty of Veterinary Medicine, University of Leipzig, Leipzig, Germany.
 
Introduction
 Patients are often already colonized by multi-drug resistant bacteria at hospital admission. Proper hygiene management is needed to eradicate these agents
from clinical settings and to prevent nosocomial outbreaks. To get an overview regarding the routine hygiene management and to elucidate potential infection
sources, the Department for Horses at our faculty was surveyed over a period of one year.
  
Materials and Methods
 Routine hygiene management was recorded using a questionnaire. Bacterial investigations were carried out at selected parts of the hospital and included air
sampling. Total bacterial counts were determined and samples were screened for Enterobacteria, ESBL-producing bacteria, Acinetobacter baumannii (AB),
MRSA, Rhodococcus equi (RE), Streptococcus equi ssp. equi (SEE), and Streptococcus zooepidemicus (SEZ).
  
Results
 Regarding hygiene management, some standard operating procedures were existent but a hygiene plan was not implemented. Minor weaknesses in cleaning
and disinfection were detected. Bacterial counts were lowest in the operating room and were highest in the stables. Most samples revealed coliform bacteria
and E. coli. MRSA and ESBL-bacteria were isolated sporadically and SEZ only once. AB, SEE, and RE were not detected in any samples.
  
Discussion/Conclusions
 A hygiene plan is required where animals are medically examined, treated or hospitalised as it ensures a targeted hygiene management with clear
responsibilities. In our study, a hygiene plan was not existent but basic hygiene requirements were met. Nevertheless, minor weaknesses in cleaning and
disinfection and detection of MRSA on twitches highlighted the necessity for well-defined hygiene measures. Finally, a hygiene concept was implemented.
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Introduction
 Glove perforation occurs in ≥65% of surgical interventions in large animal surgery. Hence, surgical hand disinfection represents one crucial aspect to prevent
surgical site infections (SSI). We therefore evaluated the effectiveness of the routine hand antisepsis technique in reducing bacterial hand flora compared to a
standardized protocol (SP).
  
Materials and Methods
 Three surgeons and 45 assistants participated in a total of 53 surgical interventions. First, routine hand antisepsis was evaluated. For the SP, hands were
washed for 1 minute and disinfected over 3 minutes. Forty-three participants used an alcohol-based hand rub (AHR) while five used povidone iodine (PVP).
Total bacterial counts were determined before and after washing, after disinfection and after surgery. Additionally, samples were screened for bacteria known to
cause SSI. Moreover, gloves were tested for perforations.
  
Results
 
Before washing, bacterial counts generally ranged between 102 and 105 colony-forming units (CFU)/ml. Routine hand antisepsis revealed a maximum count of
103 CFU/ml after disinfection. The SP revealed counts of 102 CFU/ml (AHR) and 103 CFU/ml (PVP), respectively. Overall, the highest log10-reduction
(LR=3.32) in bacteria was achieved with the SP using AHR. Nine participants harbored MRSA which were efficiently reduced by the SP-disinfection but were
occasionally isolated at the end of surgery. Citrobacter koseri was isolated consistently from one participant at each step of testing. Glove perforation was
detected in 81.6% (surgeons) and 23% (assistants) of gloves, respectively.
  
Discussion/Conclusions
 Standardized hand disinfection procedures using AHR are highly efficient in eliminating bacteria including MRSA thereby reducing the risk of SSI.
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Introduction
 Multidrug resistance (MDR, resistance to ≥3 antimicrobial classes) can restrict treatment options for clinical infections in horses. This study aimed to determine
the bacterial isolates and their antimicrobial resistance patterns from catheter-related infections (CRIs), surgical site infections (SSIs) and skin wounds from
surveillance studies in the UK.
  
Materials and Methods
 SSIs from five contributing hospitals were sampled and processed according to standard laboratory methods (November 2016-October 2018). Additionally,
data on bacterial cultures were collected from five large equine diagnostic laboratories (January–June 2018, total n=2420) and submissions stating CRIs, SSIs
and skin wounds were collected. 
  
Results
 CRIs accounted for 27 submissions (38 isolates); Enterococcus spp were present in 66.7%, Enterobacteriaceae spp in 25.9% and Staphylococcus spp in
22.2% samples. MDR was present in 31/38 isolates (81.2%) from CRIs. SSIs accounted for 109 submissions (210 isolates); Enterobacteriaceae spp were
present in 78.9% (60.0% E. coli), Staphylococcus spp in 42.2% (40.0% S. aureus) and Enterococcus spp in 18.3% samples. MDR was present in 150/210
isolates (71.4%) from SSIs. There were 131 wound swab submissions (233 isolates); Streptococcus spp were present in 48.9%, Enterobacteriaceae spp in
47.3% (67.7% E. coli) and Staphylococcus spp in 37.4% samples (71.4 % S. aureus).  MDR was present in 111/233 isolates (47.6%) from wounds.
  
Discussion/Conclusion
 This study demonstrated a high prevalence of MDR bacteria from clinical submissions especially from CRIs and SSIs. Knowledge of bacterial isolates in
infections and their resistance patterns are important for hospital audit and promoting good antimicrobial stewardship.
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Introduction
 Laparoscopic closure of the nephrosplenic space (NSC) with barbed knotless sutures have been proven to dramatically decrease surgery time.The aim of this
study was to compare management of horses having a laparoscopic NSC with or without a displaced large colon. The colon would not be replaced manually or
with laparoscopic instruments.
  
Materials and Methods
 Standard preparation and portals for NSC were performed. If the colon was displaced in the NS space, abdominal insufflation moved the colon ventrally and
resulted in NS space visualisation. The NS space was sutured using a simple continuous pattern of barbed V-LOC 0 Polybutester. Horses with NSE were
assessed per rectum 2 weeks later to check positioning of the large colon.
  
Results
 Five mares and 7 geldings with a median age of 11 years (4-15 years) met the inclusion criteria. At the time of surgery, 6 horses had NSE. Total surgery time
and NSC were 49 (+/- 16) and 32 (+/- 7.5) minutes respectively. Two horses with NSE showed mild colic signs within the first 48h. All horses with NSE had
normal positioning of the colon at 15 days post-operatively. At long-term follow-up, 11 horses had not had any episodes of colic and 1 horse had exhibited
several mild colic episodes that were unrelated to NSE.
  
Discussion / Conculsions
 NSE during NSC did not lead to adhesions between the colon and the NS space. The colon reverted to its normal position on its own without
complications.None of the 12 horses had a subsequent episode of NSE. There is no need to convert laparoscopy into hand-assisted laparotomy if the large
colon is entrapped at NSC.
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Introduction
 Simple obstructions of the small colon (SC)  represent the most common condition affecting this portion of horses’ hindgut. Exteriorization of the SC through a
standard laparotomy incision is limited and at best enterotomies must be performed within the surgical field. Enterotomies and enemas have been described to
resolve SC impactions, although similar to the technique described here, there is a lack of clear description in the equine literature.
  
Materials & Methods
 This study included eight horses that underwent laparotomy to treat small colon impactions (SCI) that had not resolved with medical treatment. Reasons for
exploratory laparotomy included uncontrollable pain, as well as moderate to severe abdominal distension. Concurrent secondary findings were seen in 3
horses. After the impacted region was exteriorized, additional small colon was exteriorized and a sterile spinal needle was attached to a long extension fluid
line. The needle was inserted through the antimesenteric taenia into the lumen aboral to the impaction. A non-sterile assistant injected sterile saline, while the
surgeon carefully performed extraluminal massage. Once the impaction had been softened, the content was pushed to the rectal ampulla or was massaged
through the small colon.
  
Results
 All horses survived following hospital discharge. Only 2 had colic signs, following recurrent SCI, but resolved with medical treatment. Six horses developed a
transient fever.
  
Discussion/Conclusion
 The reported technique allows efficient and rapid resolution of SCI. It also avoids the complications of enterotomies and rectal trauma that may occur during
enemas. SCI can be resolved at exploratory laparotomy using a minimally invasive technique.
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Introduction
 For years we considered osteoarthritis (OA) a relentless degenerative condition leading to end stage disease. Though there are no cures in sight we now
speak in terms of trajectory modification. This translates into the horse living with the condition, and providing medical interventions as well as management
changes. To that end we have better tools to monitor and modify OA progression including innovations in imaging and biochemical biomarkers. In a field that
seems crowded and confusing because of the rate of innovation, better diagnostic tools are emerging to help us make valid decisions about therapy. 
In the past, equine medicine kept pace and even led the field of cartilage repair and OA, but as other speakers today will demonstrate, the success and
commercialization of human cartilage repair therapy in Europe and Asia have driven approvals for second and third generation cell and biologic therapy
products. Our speakers today will help us broadly consider the evidence for medical and surgical therapies arising from veterinary and human clinical trials, but
consensus in veterinary medicine is harder to achieve for a number of reasons.
Since this is a burgeoning, and commercially viable focus of biotech development, there are many opinion makers and influencers working  to shape our use of
biologic and cellular therapies. The U.S. FDA has issued warnings and fines to companies operating in this space1, and established regulations that require
registration of animal stem cell trials, record keeping and inspection. Unless a therapy is autogenous and “minimally manipulated” it is considered a drug for
regulatory purposes. The International Society for Cell and Gene Therapy (ISCT) has commissioned a task force on the Use of Unproven and/or Unethical Cell
and Gene Therapy2.  So some caution is needed because of the new products and therapeutic regimes are evolving. In the past there has been a tendency in
veterinary medicine to acknowledge prominent practitioners and academics and other opinion makers based on their experience with interventions and
therapies.  This seldom helped progress or create consensus about rationale therapy. As a rule, if a condition or problem has one or two widely acknowledged
standard treatments, this is a good indication of efficacy. The current status of regenerative medicine treatments for equine injuries (joint, tendon) is more
confusing. There are many proposed therapy regimes, including variables in duration of treatment, number of treatments, dose, and the use of adjunctive
therapies. This is a worry because the equestrian population is hungry for solutions, putting pressure on us and driving business decisions for horse owners
and trainers that may be illogical. At present we are doing our best to characterize the biologic therapy potency, duration of effect and dose response of
regenerative therapies, but in the meantime most of us are making educated guesses about therapy regimes rather than practicing evidence-based medicine.
In general, the concept of “maintenance therapy” for horses in training that do not have specific joint problems is illogical, and I doubt it serves riders or their
horses well.  The cost of the therapies and the lack of evidence for benefit make this a questionable practice, particularly in the case of repeated joint injections
and poorly characterized or evolving therapies.
The rationale for prophylactic or maintenance therapy in equine athletes could be argued for on the basis of promoting homeostasis and repair in joint tissues
that are under considerable training stress. Some risk factors are as follows:
1. The horse is notoriously sensitive to contaminants compared to other species including humans. Nanogram levels of lipopolysaccharide or exogenous
protein can come from nearly any biological source ingredient, water or solvent. Drug and biologic therapy formulation and manufacturing processes
concentrate these contaminants.
2. Any injection into a joint raises the normal PGE2 concentration 100 fold for 3-5 days, and constitutes a negative effect on cell metabolism.
3. Adverse reactions due to the immunogenicity of medications are unpredictable, since repeated injections are effectively “vaccinating” the horse and
provoking an anamnestic response. This is why we have more problems with the second or third injection of hyaluronate, polysulfated
glycosaminoglycans or other injectables. In the poorly-regulated veterinary field there is a lot of innovation in biologic therapies, but some of these
contain antigenic “junk” that is a concern. Stromal lysate fraction kits are frequently used obtain autogenous mesenchymal cells from fat but these
preparations can also contain a variable amount of fat and debris.
4. Low-grade contamination during injections into joints is difficult to discern from an adverse reaction. Either is a significant setback for the already-
stressed synovial tissues.
With the above in mind, systemic and I.A. therapy of joint disease will remain important tools. Case selection as well as staging of joint disease in horses
requires understanding of the underlying pathophysiology. Here are some of the factors driving joint injury and the need for therapy.
Joint Injury, Repair and Response to Injury in the horse
 Synovial membrane-synovitis, capsulitis, periarticular strain
Articular cartilage
 There is a longstanding emphasis on cartilage degeneration in OA that is warranted, though cartilage surface loss through fibrillation, erosion, fissures and
delamination is only part of the story. This is particularly true in the horse where subchondral bone is of equal and possibly greater importance.
The superficial zone of articular cartilage is derived from a distinct subpopulation of progenitor cells apart from the rest of the cartilage surface. These cells
secrete PGR4 (Lubricin) and hyaluronate (HA), both of which are responsible for the unique low friction properties of cartilage, as well as preservation of
chondrocytes and normal chondrocyte metabolism. Without both these molecules, the wear properties of cartilage decline quickly. Evidence in animal models
shows that HA and Lubricin are reduced after joint injury, joint lavage and arthroscopy. This invokes the need for replenishment by I.A. therapy, rest and control
of inflammation. Both Lubricin and hyaluronate are responsible for control of inflammatory cytokines and synovial membrane hypertrophy. Recombinant
Lubricin for therapy is not yet available, but I.A. injections result in a relatively long half- life due to binding on the articular surface, making this an obvious
contender for equine joint therapy.
Interestingly, equine practitioners pioneered the use of I.A. hyaluronate in sports medicine 40 years ago, using high molecular weight products from Sweden. At
the time we knew that the molecular weight was important and that this property was responsible for lubrication and perhaps regulation of synovial fluid
constituents by steric hindrance. More recently there is strong evidence for involvement of the immune system in osteoarthritis, and the effect of hyaluronate
molecular weight (MW) on monocyte/macrophage phenotype. A great deal of interest has been focused on this topic because of biologic therapies including
cell therapy can change macrophage phenotype from Type 1 (classically activated/inflammatory/debridement) to Type 2 (alternatively
activated/immunomodulatory/repair) and thereby improve the repair in meniscus and articular cartilage. This binary classification system is too simple, and
there is a continuum of phenotypes but HA molecular weight is closely correlated with the type of macrophage response. Breakdown of High MW hyaluronate
into Low MW HA or exposure to low molecular weight HA drives inflammation and interferes with repair.  So on many levels these data continue to support the
use of high molecular HA between 1000 and 3000 kDa.
Senescence and Recruitment of Regenerative (Stem) Cells
 There is a lot of interest in senescent chondrocytes and senescent cell secretory products that induce chondrocyte apoptosis. While there is some early proof
of principle that  “senolytic” drugs and nutraceuticals such as quercetin and curcumin selectively deplete senescent cells and protect against osteoarthritis
progression in animal models, there are no equine clinical trials to date. There is also evidence to suggest that drugs and signaling molecules and gene
therapies to regulate chondrocyte metabolism and regenerative mechanisms.
Catabolic cartilage metabolism
 Metabolic dysfunction of cartilage has typically been identified as the target for OA therapies. Supraphysiologic biomechanical stress and chronic inflammation
or immune system activation promote catabolic metabolism in chondrocytes. This interferes with the normal production of collagen and matrix proteoglycans.
Since these are large molecules that are enzymatically cleaved, modified and assembled in the extracellular space, unassembled components and their
byproducts accumulate. Some of these drive additional catabolic remodeling that destroys, rather than repletes the normally highly organized matrix. Since the
matrix derives its viscoelastic properties from a highly controlled combination of matrix proteoglycans, a constraining collagen network, water and electrolytes,
this imbalance of matrix components undermines the biomechanical properties of cartilage.  The porosity of the matrix limits water movement during
compression and loading, making cartilage stiff during rapid loading but compliant with slower loading rates.
Cartilage in the early stages of injury and OA becomes thicker, swollen and soft due to unfolding of proteoglycans, exposure of glycosaminoglycan side chains
and accumulation of products of dysregulated protein production. Additional water is drawn into the matrix. This is reversible as long as the superficial zone
and collagen network are intact. Reducing the biomechanical stress on the now easily damaged cartilage, and controlling catabolic metabolism with biologic
therapies are both rational steps but this takes weeks or months. Compared to other tissues, there are relatively few chondrocytes that are widely distributed
over a huge volume of matrix, so repair and remodeling are slow.
Immune system activation
 Traditionally there was argument over whether osteoarthritis was an inflammatory or a degenerative condition (osteoarthrosis). We now recognize that the
inflammation and clinical signs are cyclic, and chronic low grade inflammation and recruitment of lymphocytes to synovial tissues is part of the cascade that
drives catabolic cartilage metabolism. Post-traumatic injury is associated with the TH17 lymphocyte and production that dramatically influences cartilage health
through interleukin pathways, so blockade of IL-1 with antibodies or IL-1ra-like products is rational. One of the central therapeutic mechanisms of IA cell
therapy is immunomodulation and the modification of macrophage function, so carefully prepared cell therapy products seem warranted in controlling
inflammation, immune system activation and catabolic metabolism in the joint space.
Subchondral bone
 Horses and ungulates have reticular bone that has a different arrangement of haversian canals comprised of primary osteons with few secondary osteons in
the adult. This type of bone also has very active periosteum as we all know from managing splint bone and cannon bone exostoses in the horse. Essentially
horses can add cortical bone quickly by direct ossification of periosteal vessels creating the characteristic splint and other exostoses we see in this species.
Change in subchondral and cortical bone contributes to joint shape change that leads to abnormal biomechanics and exacerbation of OA. Similarly horses
briskly develop subchondral sclerosis which is a key indicator of cartilage injury.
A second more important characteristic of the equine OA is a very prolonged and sometimes inappropriate remodeling phase after bone injury. Normally bone
injury provokes an initial resorption by osteoclasts followed by highly choreographed repair by osteoblasts, followed waves of remodeling making the repair
strong and biomechanically functional. In the horse, we don’t fully understand why the resorptive phase continues for longer than needed leading to
progressive loss of adjacent bone. We recognize this in clinical terms as third carpal bone sclerosis, non-healing metacarpal stress or condylar fractures, and
other conditions where bone resorption is not coupled to bone formation. This uncoupling is manifest radiographically by persistent fracture lines and focal
porosity. As well all know this focal osteopenia significantly weakens the bone and in some cases once a critical amount of bone is lost there is collapse of the
joint surface into the resulting defect, creating a significant incongruity that drives OA progression. This is a major contributor to fragmentation of the palmar
aspect of the fetlock and OA in this and other joints such as the stifle joint.
Figure 1 - Collapse of the articular surface into the subchondral bone defect
Subchondral bone sclerosis on radiographs and “bone bruises or bone edema” on MRI are significant findings because:
1. Sclerosis interferes with venous drainage in the subchondral bone and metaphysis that leads to increased venous pressure and pain. The
subchondral bone is well endowed with pain receptors, and venous pressure and therefore pain will be worse after rest. This explains why
horses are worse on coming out of the stall on warm-up. This is like the phenomenon of “morning stiffness” in people. If sclerosis is present
there is nearly always superficial cartilage damage which signals the need for therapy directed at:
 a) reducing cartilage surface friction,
 b) controlling inflammation and
 c) managing catabolic metabolism in cartilage
2. Bone edema is more than just edema, it represents significant loss of biomechanical strength and organization due to the coalescence of
microfractures, formation of new woven bone in response to injury and ongoing bone remodeling. The chances of cartilage injury and OA
progression are high without cessation of high-speed training or impact during racing, jumping and changes in direction.
3. Sclerosis indicates a significant loss of biomechanical and metabolic balance in joints. The joint as an organ includes the articular cartilage,
tidemark, calcified cartilage, subchondral bone, synovial fluid and synovial membrane. Sclerosis interferes with cartilage nutrition through the
calcified cartilage to deep zone cartilage so the critical integration of bone and cartilage is at risk. Further, cartilage delamination can occur
under high shear loads. Finally, sclerosis also causes stiffening of the subchondral bone which normally provides the biomechanical shock
absorption and deformation under high loads at speed.
Calcified cartilage and tidemark advancement
 Thinning of articular cartilage is one of the hallmarks of osteoarthritis progression. As cartilage mass is lost, there is less deformation of the gliding surfaces, so
in some areas weight bearing is lost and others receive higher loads. A good example of this is the palmar surface of the MC3 of the fetlock where synovial
fossae (that are normally small non-weight bearing areas) enlarge over time and adjacent cartilage becomes more degenerate.  So the loss of congruency
between gliding surfaces and biomechanical overload is a theme repeated in OA biology (think of meniscal tears as another example).
Figure 2 - Enlargement of synovial fosse thinning of adjacent cartilage.
Cartilage loss can occur at the surface as previously described, but also occurs through renewal of endochondral ossification in the calcified cartilage that
advances the tidemark into the hyaline articular cartilage.
Endochondral ossification, the process of turning the cartilage model into a recognizable diaphysis, growth plate, metaphysis and cartilage surface, created the
long bone shape during neonatal and juvenile exponential growth periods.  Vertical columns of hypertrophic chondrocytes give way to vascularized
interdigitating columns of new bone. These growth plate and secondary ossification center chondrocytes have a different lineage than articular cartilage. They
form the calcified cartilage and become trapped in the calcified matrix, which is one of the constituents forming the essential depth wise gradient in stiffness
between the compliant soft articular cartilage and very stiff subcondral bone.
In OA there is re-activation of the calcified cartilage as it undergoes hypertrophy, encroaching on the deep zone hyaline cartilage. This appears to be a phasic
or cyclic process creating multiple tidemarks. Inflammation and release of growth factors like TBF-β normally locked away in subchondral bone, are thought to
be responsible. The result is a thinning of the articular cartilage from the deep side, loss of deformability and increased mechanical forces on an ever-
diminishing tissue.   A second consequence of tidemark activation is vascular invasion of the calcified cartilage from bone marrow, creating in roads for new
bone, blood vessels and--over time, probably nerve ingrowth as well. These channels enlarge, creating an irregular pattern of focal osteopenia adjacent to the
established sclerotic bone. While this undermines the biomechanical integrity of the subchondral plate as previously described, it also makes marrow
stimulation (microfracture or drilling) very unpredictable. Sites on the debrided articular surface three millimeters apart can be very hard, inviting deeper
penetration, or very soft resulting in over-penetration and iatrogenic damage.
Figure 3 - Remodeling of subchondral bone in the palmar MC3 undermines the support of the articular surface, leading to collapse and fractures.
Decision making in equine surgery
 When faced with clinical signs that correlate with imaging and arthroscopy, we are often faced with difficult decisions about debridement and regenerative
therapies. The algorithm for human articular cartilage repair has changed in the past 20 years as more effective and durable repairs based on cells and
biomaterials underwent long-term clinical trial evaluation. We do not have that kind of evidence in equine surgery, and since our patients are more like athletes
we can assume that like professional football players, the durability of cartilage repair is compromised in patients with high activity levels.
Most of our experience comes from managing cartilage loss, subchondral bone bruising, and cartilage fissures in the femoral condyle of sport and western
performance horses. I’m concerned that fissures and fibrillation in cartilage is not necessarily an indication for debridement and augmented marrow stimulation,
bone marrow concentrate or even cell therapy. Cartilage is notoriously inert and can remain in a compromised state for some time before subchondral bone is
exposed, so unless there is clear evidence for other abnormalities, such as bone bruising or osteopenia, I’m reluctant to recommend removing intact hyaline
cartilage. Yes, the remaining calcified and hyaline cartilage is a barrier to ingrowth of new repair tissue, the quality of the tissue regeneration and its long-term
attachment are in question in the horse in my opinion. In cases where diagnostic local anesthesia directly implicates a specific synovial compartment but
imaging is negative and only cartilage fissures can be found, one could reason that subchondral pressure could be alleviated with limited debridement and
drilling, but it would be logical to limit this to under the critical size defect (9-10 mm diameter) if possible. In my experience. wider debridement particularly to
joint margins will invite periosteal activation, synovial adhesions and osteophytes.
Innovative arthroscopic approaches and instrumentation and cartilage repair solutions are needed for the clinically important palmar fetlock and carpus, but as
mentioned previously, questionable bone quality undermines even our best efforts to resurface these areas.
Decision making in osteoarthritis
 This is a difficult area because staging of osteoarthritis with clinical tools and imaging is imprecise and we have to deduce from the history, occupation and
imaging, the severity of degenerative changes. The evidence from human and veterinary trials supports the use of low- leukocyte PRP in early and mid-stage
OA before there is significant bone involvement. Dose intervals of 3 to 6 months give human patients significant relief, better than hyaluronate and much better
than corticosteroids. Corticosteroids and combinations of steroids and hyaluronate are probably still a logical choice in low motion joints in the horse such distal
hock joints where cartilage quality is less of a concern. Use of corticosteroids in human medicine is waning due to lack of efficacy-not because of clear
evidence for adverse effects.
Cell therapy remains a controversial treatment because no valid comparisons can be made between trials due to the variability in characterizing the cell
product, dosage, inter-dose interval, and duration of effect. There is also widespread belief that cell therapy products have few or no actual “stem” cells but
modify disease progression by redirecting repair, modifying macrophage phenotype, delivering “medicinal” cytokines or releasing exosomes and
immunomodulation. The evidence that IA delivered cell therapies participate in repair is very weak. The one exception is that injected MSCs do home to the
damaged meniscus, which explains some of the positive results observed in management of equine stifle injury. This remains a frustrating area in equine
medicine, while some progress has been made in people and dogs using controlled trials. Highly purified, GMP3-produced cell therapy products are available
in Asia and some specific trials in Europe, Australia, the Middle East and the Americas. My experience is limited to high quality cell lines manufactured under
stringent conditions without xenogens such as fetal bovine serum.  In experimental models we have shown that a single IA cell injection changes the trajectory
of osteoarthritis progression for as long as six months. Human trials in Asia have shown that superficial cartilage erosions actually improve on second look
arthroscopies, and we have confirmed this in sheep models. Hence, the outlook for cell therapies in OA looks promising if we can create standards for
manufacturing and use.
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Efficacious treatment of chondral defects is a major challenge of the orthopaedic practice. In the last three decades extended research efforts were expressed
to develop new cartilage repair alternatives. Both basic science and clinical research fields tried to promote hyaline cartilage or hyaline type of repair
techniques. Some of these techniques are supported by extended clinical evaluations over 25 years. Autologous osteochondral mosaicplasty and autologous
chondrocyte implantation are the oldest modern cartilage repair options. Both techniques have wide basic science background as well as medium and long-
term clinical evaluations are also vailable to determine the proper indications. Later on biodegradable scaffolds were also introduced to the clinical practice.
This type of cartilage repair technique is often fortified by bone marrow acquired autologous mesenchymal stem cell support. Scaffold based repair techniques
are usually indicated for small sized defects. For extended osteochondral defects new types of osteochondral allograft transplantation are recommended. As
chondrocyte survival is critically influenced by the time between graftharvest and implantation, ultra-fresh transplants may provide better long-term results.
Beside unique operative techniques adjuvant regenerative therapies may improve clinical results. This lecture will introduce old standards and new alternatives
in cartilage repair.
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Introduction
 Once destroyed, the adult weight-bearing joint cartilage never heals. There is no capacity for hyaline cartilage regeneration. On the less weight-bearing joint
surfaces (e.g. the lateral femoral trochlea) a repair with fibrocartilage usually gives sufficient support, due to the less weight-bearing nature of the surface. On
the other hand, hyaline cartilage damage on the weight-bearing joint surface will lead to degenerative changes, osteoarthritis and lameness.
Over the past 20 years, several techniques have been developed in human orthopaedic surgery in order to obtain a new gliding surface on the damaged
weight-bearing joint surface. Without aiming at completeness, the techniques already used in clinical cases in equine joints will be summarised briefly.
Microfracture was developed by a human orthopaedic surgeon, J. R. Steadman in 1994. He described further development of the technique in 2003.1 In the
USA, more than 25,000 such operations are carried out on humans every year.2 This technique was developed to enhance weight-bearing joint cartilage repair
by taking advantage of the body’s own healing capacity. The result is still fibrocartilage on the surface, but in a more homogeneous arrangement. During
microfracture, defects must be debrided down to the subchondral bone plate, removing the calcified cartilage layer followed by penetration of the bony surface
with a surgical awl at 3- to 4-mm intervals. McIlwraith and his co-workers published a controlled study treating full-thickness 1-cm2 defects with microfracture +
bone marrow-derived mesenchymal stem cells on the weight-bearing joint surface of the medial femoral condyle (MFC). They found a significant increase in
repair tissue firmness and a trend for better overall repair tissue quality.3 However, hyaline cartilage quality could not be achieved.
In another study, 49 cases of MFC subchondral bone cysts (SBCs) were treated with arthroscopic debridement, cancellous bone grafts or tricalcium-phosphate
granulate implantation followed by sealing with allogenic chondrocytes supplemented with IGF-1 suspension.4 The authors reported a high (over 74%) clinical
success rate independently of previous osteoarthritic signs. However, in 9/32 of the cases the cysts increased in size after 6 months. Due to the clinical case
series nature of the study, no information could be collected with regard to covering cartilage quality.
Sparks and co-workers published an elegant possibility of reattaching OCD flaps in 9.7- ± 3.3-month-old (mean ± SD) foals with the help of PDS pins.5 In 22/44
cases BMACs were injected under the reattached flaps. An overall success rate of 95% was obtained with this technique.
Another alternative for resurfacing weight-bearing joint surfaces is autologous osteochondral transplantation from a less weight-bearing region of the stifle.6,7
Clinical experience obtained in the past two decades will be described by the authors.
Materials and Methods
 During the last two decades, the first author performed surgery on 24 joints with the mosaicplasty method. Most of them were SBCs or weight-bearing joint
surface damages involving the subchondral bone.
In 15 cases MFC SBCs, in one case a lateral femoral condylar lesion, in 6 cases front limb and in 2 cases hind limb fetlock joint weight-bearing surface lesions
were treated with the mosaicplasty technique. In 2/16 MFC lesions allograft transplantation was performed because horses were above the previously
determined optimal age for autologous osteochondral transplantation.8
Diagnosis was based on clinical examination, intraarticular anaesthesia, X-rays, ultrasonography and, in two fetlock cases, additional standing MRI
examination. In 16/24 cases intraarticular anaesthesia was also performed, with variable but positive results in all cases. All horses underwent conservative
treatment (NSAIDs, i.a. steroids and rest) before surgery. Recurring lameness led to the decision to perform surgery. All lesions were subchondral cystic
lesions except for two MFCs and three fetlock cases. In those stifle cases advanced osteoarthritic changes together with joint cartilage and subchondral bone
loss on a large surface were obvious, while in the fetlock cases osteoarthritic changes were absent. In 7/8 MFC cases in horses above 7 years advanced
osteoarthritic changes together with meniscus/meniscal ligament injury were detected, while in one fetlock case a lesion of traumatic origin was diagnosed. In
two older horses with MFC SBCs fresh allograft transplantation from a 4- and a 1.5-year-old donor, respectively, was carried out.
Surgical technique
 The horses received antibiotics and NSAIDs preoperatively and were operated in dorsal (MCF SBCs) or lateral (fetlock cases) recumbency under general
anaesthesia.      Osteochondral grafts were harvested with a special tubular chisel under arthroscopic control from the less weight-bearing surface of the
contralateral medial femorotibial joint in most of the cases. During allograft transplantations donor horses were anaesthetised immediately before
transplantation for harvesting. Allografts were flushed out with isotonic saline and stored in isotonic saline soaked swabs until transplantation.
In most cases, 8.5- and 6.5-mm osteochondral grafts 20–40 mm in length were transplanted into the damaged surface via arthrotomy. Drilling 8.5-mm holes
into the SBCs allowed examination of the remaining parts of the cyst and the planning of further graft insertions. Harvesting and transplantation instruments
were provided by Metrimed Ltd., Hungary. Mini-arthrotomies (~6 cm in length) were closed in 5 layers, covered by a stent, Snögg Animal Vet Plast and
OpsiteTM for optimal recovery.
Postoperative rehabilitation
 After two weeks of box rest, 6–8 weeks of hand walking followed by turning out into small paddocks was prescribed for all horses following the transplantations.
After 6 months, control examination by X-ray was carried out by the referring veterinarian. In 9/24 cases follow-up arthroscopies were also performed.
Statistics
 Beside descriptive statistics Fisher’s exact test was used for evaluating success rate between different age groups (success was determined as returning to
previous or higher activity level).
Results
Intraoperative findings
 Harvesting grafts was most convenient under arthroscopic control; on the other hand, insertion of the graft into the host area was easier and more precise from
an arthrotomic approach, especially in cases where multiple grafts (4–6) were transplanted (orthogonal insertion, extravasation with multiple working canals
during arthroscopic insertion).
Postoperative follow-up
 Effusion of the donor and recipient joints was present during the first 3–4 weeks. Recipient joints showed 2–3/5 degree lameness (AAEP scoring system)
during the first postoperative week. Donor joints showed less lameness, which improved during the first weeks together with the disappearance of joint effusion
after 6–10 weeks in all cases. Primary wound healing was observed in all but two cases where arthrotomic skin wounds healed partially by second intention
due to seroma formation.
Eight to 12 months after the transplantations 12/24 horses were not lame, 9/24 horses improved and 3/24 horses remained lame (degree 3/5); however, two of
them were more comfortable, gaining weight and being in better spirits.
Follow-up X-rays
 Transplanted grafts appeared more radiolucent compared to surrounding bone density in all cases. In some of the transplanted grafts visible steps could be
detected on X-rays due to different thickness of the transplanted and the host cartilage. In cases with previous osteoarthritic changes of the affected joint,
progression of osteoarthritis was visible in more than 50% of the cases despite clinical improvement.
Follow-up arthroscopies
 In 8 cases the owners consented to follow-up arthroscopies 6–15 months after surgery. In 8/30 donor canals (in 6 cases at the most proximal canal, in 3 other
cases in more distally located canals) the surface was fibrillated. No osteoarthritic changes were detected in any of the examined donor joints. In 22/30 donor
sites previous donor canals were covered by smooth congruent tissue. In 6/8 cases meniscus and or meniscal ligament lesions were also detected, especially
in those cases where preoperative radiographs showed osteoarthritic changes in the affected joint.
In two cases there was an attempt at resurfacing extensive MFC damage with extensive cartilage eburnation and subchondral bone pathology. In the first case
5 grafts, 8.5 mm in diameter, were transplanted into the MFC. The subchondral bone appeared to be soft during recipient hole drilling. Lameness became more
apparent 3 months postoperatively, then it improved during the next 3 months. After 1.5 years this horse improved by 1 degree, gained weight but remained
lame. During arthroscopy, in some locations fibrillation of the interfaces and cranial meniscus was detected and debrided. Fibrillation of the most proximal
donor canal was also debrided and levelled to the surface. In another case with osteoarthritis and extensive MFC surface eburnation, allografts were
transplanted from a 4-year-old gelding. During the 10-month follow-up arthroscopy one graft ‘cap’ broke, was found free in the joint and removed. This horse
had also additional meniscus damage, which was debrided with arthroshaver. Clinically this horse showed intermittent improvements of lameness for three
years. In order to improve the condition of the meniscus, 30 million allogeneic stem cells were injected into the MFC, which further improved lameness and led
to owner satisfaction.
Despite clinical improvement in both cases, progression of osteoarthritis was detected during follow-up radiological examinations.
Horses under 7 years had a 92% success rate (= returning to previous or higher activity level) when evaluated after 1–3 years following surgery. On the other
hand, horses ≥ 7 years had a significantly lower success rate of 25% (p = 0.0491).
When evaluating all fetlock transplantations (8/24), they were successful in 75% of the cases. In contrast, MFC transplantations had a 58% success rate. When
evaluating horses under 7 years of age, fetlock transplantations had a 100% success rate while MFC transplantations were successful in 85% of the cases.
However, the case number was not sufficient for comparing success rates in the different age groups within the fetlock and MFC groups.
Discussion/Conclusion
 Horses with small to medium degree of weight-bearing joint surface damage or SBCs were successfully treated with autologous osteochondral transplantation,
especially in the category under 7 years.
In nearly all MFC cases ≥7 years (7/8), medium to advanced osteoarthritic changes were present in the MFTJ before the mosaicplasty procedure. In two
cases, where extensive eburnation of the surface together with subchondral bone pathology was evident, the results were not convincing. In one of those
cases 1/5 of the transplanted graft ‘cap’ broke into the joint and was removed during follow-up arthroscopy. Presumably, the cause of this breakage was
subchondral bone instability due to the soft nature of the area.
Arthrotomies of the MFTJ were closed in 5 layers with absorbable monofilament suture materials (joint capsule, deep and superficial fascia, subcutis and the
skin). In two cases, where seroma formation was present, a 4-layer technique was used (without suturing the subcutis). Since then (20/24 cases), no wound
dehiscence or other complication has been detected.
This retrospective clinical case series has several limitations. The case number is still insufficient, especially if different age groups within the same joint (fetlock
or stifle) are compared. Older horses (≥7 years) with additional meniscus/meniscal ligament pathology were mainly diagnosed during follow-up arthroscopies
due to the limited visualisation of those structures during the arthrotomic approach. The best solution to resolve this inconvenience would be to perform
diagnostic-therapeutic arthroscopy a couple of weeks before transplantation.
In conclusion, we can say that autologous osteochondral transplantation is a useful technique in resurfacing small- to medium-sized weight-bearing surfaces in
horses under 7 years, where no other pathology is present in the joint. Once we have advanced osteoarthritis, remarkable alterations of the menisci and
meniscal ligaments or extensive subchondral bone pathology, mosaicplasty is not recommended. Based on the limited number of our cases we can say that
horses under 7 years of age have a significantly better prognosis than older horses.
Subchondral bone cysts were successfully filled up and resurfaced by viable hyaline cartilage with the mosaicplasty procedure, although it must be
emphasized that the prognosis is guarded to poor if horses above 10 years are operated on.
Further research is needed to prove that fresh allografts harvested from younger donors would allow the treatment of small- to medium-sized lesions of the
weight-bearing surface in horses above 7–10 years of age. Another option would be the combination of mosaicplasty with other published techniques in some
difficult cases with large cysts, e.g. additional positioning of one transcondylar screw into the MFC, which is another successful treatment option for treating
young horses with SBCs.9
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For knee osteoarthritis (OA), intraarticular (IA) injections (corticosteroids, viscosupplements, radioisotope and blood-derived products) are the preferred non-
operative treatment methods, if other conservative treatment options are ineffective. This presentation addresses the intraarticular injections routinely
administered in our department. IA corticosteroid injections promise short-term pain relief for up to 3 weeks post injection. IA hyaluronic acid (HA) injections are
also used to reduce osteoarthritic pain and improve joint function by supplementing the synovial fluid with exogenous HA (“viscosupplementation”) to provide
lubrication and mechanical support. Several small, randomized trials and our experience have shown, that the combination of a corticosteroid and HA versus
HA alone results in a more significant short-term pain relief due to  the corticosteroid and a prolonged long-term pain relief due to the HA. In chronic synovitis
radiosynovectomy can also be an effective treatment, as it removes the inflamed synovial tissue from the affected joint. Although more clinical evidence is
needed, biological- therapies, such as plateled rich plasma (PRP), bone marrow aspirate concentrate (BMAC) and adipose-derived stem cell (ADSC),  have
also gained popularity for the treatment of cartilage damage in the last decade. These treatment options are likely to have the greatest therapeutic potential for
focal chondral defects and possibly for early OA.
The current literature and our experience indicate that IA injections are safe and have positive effects on patient satisfaction. But, up to this moment, there is no
data to suggest, that any of the IA injections would cause osteophytes to regress or cartilage and meniscus to regenerate in patients with substantial and
irreversible bone and cartilage damage.
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Intrasynovial medication, direct administration of any product into a synovial space (joint or tendon sheath) for therapeutic purposes, is a widely used
intervention in the treatment of articular pathology and associated lameness in athletic horses. Appropriate management of certain common orthopaedic
conditions encountered in racehorses may involve continued training aided by disease-modifying agents administered either intrasynovially or systemically.
The adverse clinical outcomes of intra-articular corticosteroid medication may be divided into three areas; complications that occur from injection of product,
such as synovial sepsis, and the ability of corticosteroids to mask some of the clinical signs of infection; systemic adverse reactions that may occur from the
use of corticosteroids such as laminitis; or acute aseptic inflammatory reactions and the ability of corticosteroids to mask pain that leads to further injury. 
Osteoarthritis or degenerative joint disease may develop from abnormal stress placed on normal cartilage, such as cyclic athletic trauma, loss of joint stability
from injury or loss of joint congruity. Degenerative joint disease may also develop when normal stresses are placed on abnormal cartilage. Abnormalities of the
cartilage may arise following synovial sepsis, osteochondrosis or traumatic synovitis. In many horses, the most common reason for degenerative joint disease
to develop is as a result of cyclic trauma from athleticism. Degenerative joint disease has a characteristic appearance of degradation of the cartilage structure
with variable amounts of bony remodelling and hypertrophy of cartilage. The cartilage becomes fibrillated and thinned with gross wears lines. This fibrillation
indicates loss of proteoglycan from the cartilage matrix. The process of cartilage degeneration is mediated by activation of matrix metalloproteinases such as
stromelysin, collagenase and gelatinase. These matrix metalloproteinases are activated and produced by both chondrocytes and synoviocytes. Interleukin 1,
prostaglandins and tumour necrosis factor alpha, are primary factors that mediate the inflammatory reaction within the joint. These factors, produced in the
synovial membrane, synovial fluid and subchondral bone activate and up regulate chondrocyte and synoviocyte catabolic activity. They are also
chemoattraction agents for invasion of inflammatory cells into the joint.
Corticosteroids are potent anti-inflammatory agents that inhibit the inflammatory cascade at many levels. Glucocorticoid receptors are present on many cells
including neutrophils, lymphocytes, monocytes and eosinophils. Once glucocorticoids bind to this receptor they influence the nuclear transcription of target
genes, translational and post translational control of protein production, delivering wide ranging anti-inflammatory effects at the top of the inflammatory
cascade.  They decrease synovial membrane permeability, inhibit the movement of inflammatory cells into the synovial environment and inhibit the conversion
of membrane phospholipids to arachidonic acid. Arachidonic acid can be converted to prostaglandin or thromboxane B2 if it is metabolised via the
cyclooxygenase pathway or converted to leukotrienes if it is metabolised via the lipoxygenase pathway. These are all mediators of cartilage matrix degradation.
However, corticosteroids also decrease chondrocyte metabolism leading to decreased synthesis of collagen and proteoglycans. This effect has been
demonstrated by multiple studies showing increased biomarkers of cartilage catabolism in equine joints following intraarticular corticosteroid medication.
As with any medical intervention, there are risks associated with intrasynovial injection. Surface microbes may be inoculated into the synovial cavity as the
needle is passed through the skin . Once infection is established within an equine synovium, it can be extremely difficult to eradicate. In the horse, where the
ability to ambulate is paramount, the severe lameness caused by an unresponsive septic synovitis may necessitate humane destruction of the animal. Studies
using an inoculum of Staphylococcus aureus placed into the middle carpal joint have shown that polysulphated glycosaminoglycans (PSGAG) that are used for
intra-articular therapy lower the threshold for development of septic arthritis. Additionally, due to their anti-inflammatory nature, intra-articular medications may
mask the initial clinical signs of septic arthritis and lead to delayed diagnosis.
The conventional methods for mitigating the risk of developing a post-injection infection consist of antiseptic preparation of the skin at the injection site, the use
of sterile single-use gloves, needles, and syringes. A recent study, which surveyed equine practitioners, found that practitioners that prepared their own
injection sites, that had over 20 years of experience and did not remove the hair from injection sites, had lower rates of infection following intra-articular
injection. In spite of careful technique, a proportion of cases may still develop infection post-medication. Given these inherent risks some 46.5% of clinicians
surveyed routinely include antimicrobials in all intra-articular injections. With increasing scrutiny on veterinary surgeons’ use of antimicrobials this indiscriminate
inclusion of antimicrobials may be the subject of controversy.
Intrasynovial medication, direct administration of any product into a synovial space (joint or tendon sheath) for therapeutic purposes, is a widely used
intervention in the treatment of articular pathology and associated lameness in athletic horses. Appropriate management of certain common orthopaedic
conditions encountered in racehorses may involve continued training aided by disease-modifying agents administered either intrasynovially or systemically
There is increasing awareness, however, that medication practices may mask the early clinical manifestations of some types of fatigue and stress fractures,
thereby potentially permitting horses to be trained further along the pathological spectrum and increasing risk of serious injury.  Reduction of catastrophic injury
rates is a key concern of racing stakeholders worldwide, and acquisition of data that contributes to understanding of the possible influence of intrasynovial
medication on injury progression is essential to inform debate on regulation of medication practices.
The rewards from intra-synovial medication are self-evident, a sound horse that returns to exercise. However clinicians must weigh up the possible risks in
terms of laminitis, sepsis or further orthopaedic injury every time intrasynovial corticosteroid medications are used.  
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Optimal supportive medical management of the surgical colic patient is an area of debate. A variety of therapies are cited in the literature but there is relatively
little evidence about the effectiveness of some therapies in the clinical setting.  For many horse owners, economic factors are a major issue when considering
undertaking colic surgery and continuing with hospital care, of which medical therapies may constitute a significant proportion of these costs.  A continued
trend towards euthanasia at / without surgery and decreased proportion of horses going to surgery has been reported in two hospital populations in the UK and
USA [1]. In order to keep colic surgery affordable for many horse owners, it is important to consider the cost- benefit of use of the various medical therapies
proposed. In addition any potential side-effects and drug interactions must be considered where multiple medical therapies are being utilised.
The Systemic Inflammatory Response Syndrome (SIRS), what some refer to as clinical endotoxaemia, remains a challenge for equine clinicians in the peri-
operative care of some surgical colic cases [2,3]. Polymyxin B is commonly cited as a therapy for managing these cases but what is the evidence for its use in
horses undergoing surgery for colic?
Polymyxin B (PMB) and research studies
 The cationic antimicrobial Polymyxin B (PMB) forms a stable 1:1 stochiometric complex with lipopolysaccharide binding protein (LPS) by binding to the lipid A
component thereby neutralising it. PMB has shown potential as a therapeutic agent to treat endotoxaemia in both in-vitro and in-vivo horse models [4-7]. PMB
administration prior to and immediately after LPS administration in healthy horses reduced the deleterious systemic effects of LPS [5]. Nephrotoxic and
neurotoxic side effects were not seen in healthy horses at a dosage of 1mg(6,000 IU) / kg every 8 hours for up to 5 treatments [7]. However, in azotaemic
patients, it is recommended that PMB should be used judiciously with careful monitoring of renal function in patients [7].
Evidence for PMB use in colic cases
 The effects of PMB administration several hours after LPS exposure, which is frequently encountered in horses presented with some forms of colic, is
unknown. Barton et al. [5] stated the need for multicentre blinded studies to test the clinical efficacy of PMB following in vivo studies, but this has not been
undertaken.  Administration of 1,000-6,000 IU / kg  dosage in clinical cases of horses with clinical signs of endotoxaemia  or when large circulating
concentrations of endotoxin are anticipated are the current recommendations based on experimental work [4-7] and is stated in multiple textbooks.
There are no clinical studies evaluating colic survival that have shown any negative / positive effect of PMB on survival in multivariable models. Only one study
has indirectly assessed the effects of PMB administration in horses treated in a clinic for colic [8]. This study did not directly assess the efficacy of PMB but
measured LPS in horses at admission and during hospitalisation for treatment of colic. Horses not receiving PMB were around 3.5 times more likely to provide
a positive LPS sample even when the influence of clinical signs consistent with clinical endotoxaemia was accounted for in a multivariable model. When
samples from colic cases that had received PMB were compared to those that had not, with death as the outcome, administration of PMB appeared to be
associated with an increased likelihood of death. However, when analysis was repeated with only samples from those colic cases that were classified as
clinically endotoxaemic, there was no difference between the groups.  Horses that provided a positive LPS sample and had or had not received PMB were
assessed in a multivariable logistic regression model. This model showed that horses not receiving PMB were less likely to die (p =0.011, OR =0.36, 95%CI
=0.36 - 0.79). These results suggested that PMB is more likely to be given to colic cases that would be classified as clinically endotoxaemic and these cases
are more likely to die (c.f. non clinically endotoxaemic cases p =<0.001), and secondly, that when analysed in this way, PMB did not appear to significantly
reduce the likelihood of death in clinically endotoxaemic colic cases. This finding was supported at the multivariable analysis level. In the multiple logistic
regression model built to identify risk factors for whether a horse died in the hospital or not, the only variable that remained in the model was whether or not the
horse was deemed to be clinically endotoxaemic. 
Conclusions
 No studies have directly assessed the efficacy of PMB in clinical colic cases. Experimental models have utilised LRS but clinical endotoxaemia / SIRS is likely
to be a result of inflammatory mediators synthesised by the horse’s cells rather than presence of endotoxins in the circulation.  Once signs of SIRS are present,
the effectiveness of PMB is questionable [3].  Based on the available evidence, PMB use may be considered in selected colic cases where surgical
manipulation is anticipated to result in sudden increase in circulating LPS or where continued LPS release is anticipated e.g. large colon volvulus and
reperfusion injury or post-operative colitis (e.g. sand colic cases). There is no current evidence to support its routine use, particularly in horses that are
azotaemic at the time of administration. Further investigations in surgical colic horse populations are warranted for PMB and other therapies to improve the
outcome in horses that are presented with or develop SIRS post-operatively.   
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The primary purpose of draping the surgical patient is to isolate the surgical site from the other areas of the patient’s body and nonsterile areas of the operating
table in order to contribute to reducing the risk of surgical site infection. The drapes serve as a barrier to the patient’s skin flora (endogenous contamination)
which is identified as a major source of wound contamination. Particularly in horses where the body surface is extremely large, the amount of shed of particles
is likely a multiplication of that found in humans.
When choosing drape materials, several aspects have to be taken into account. Firstly, disposables versus non-disposables. Based on an evaluation of the
functional requirements, environmental impact, and economics of gowns and drapes, clear superiority of either reusable or single-use gowns and drapes
cannot be demonstrated. Some studies show superiority for non-woven to reduce SSI rates compared to woven fabrics. However, met-analysis concludes
there is lack of definite evidence to whether or not differences in SSI rates between the two types of drapes exist. It is therefore to the surrogate outcome of
bacterial contamination – reduction that one needs to focus in order to make a decision. In that sense, disposable drapes result in lower particle counts in the
operating room (because of the lack of lint from cotton) and decrease the number of bacteria isolated from the surgical wound by up to 90% compared with the
cloth draping systems. When looking at the primary function of a drape; i.e. isolate the surgical wound from the surrounding endogenous source of
contamination, woven re-useable drapes fail this purpose. Woven drapes are ineffective fluid barriers, but also in dry condition strikethrough occurs within 30
minutes of exposure. Once wet heavy staphylococcus and streptococcus contamination on the surface occurs. In general, disposable drapes are also bigger in
size than reusable drapes which offer significant advantage in equine surgery. Even though the cost of single-use drape sets is higher than for reusable sets,
single-use sets provide the highest benefit rates.
In WHO 2018 guide for prevention of SSI, only one RCT and one quasi RCT were identified on this subject. Conclusions were that either materials were
suitable in terms of prevention of SSI.
Yet, for any reusable linen to be deemed safe, specific reprocessing demands are needed for which the set standards are unlikely to be met in most veterinary
practices.
Ultimately, current best practice regulations recommend the use of impervious single use disposable drapes as a standard of care. Pure plastic drapes are
considered not suitable for use as those pose other specific infection risks.
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Treatment of acute colitis regardless of the cause involves significant intensive care and support therapy. Post-operative colitis or diarrhoea during
hospitalization is relatively common occurrence in horses. Many commercial products claim to improve and support intestinal flora but there is limited
information on their efficacy. Another option to balance the intestinal flora in a pathologic condition is transfaunation, or faecal microbiota transplantation 
(FMT).  The  technique  consists  of  administering  faeces  samples  from  healthy  individuals  via  a nasogastric  tube,  and  its  effectiveness  has  been 
demonstrated  in  humans  for  the  prevention  and  control  of Clostridium difficile-associated diarrhoea (Aas et al. 2003, Dendukuri et al. 2005, Brandt &
Reddy 2011, Brandt 2012, Ott et al. 2017). The first reported faecal transplantation in humans was performed in 1958.
To date, approximately 450 cases of FMT for treatment of Clostridium difficile infection in humans have been reported worldwide (Brandt 2012). In veterinary
medicine, rumen transfaunation is commonly used to treat GIT disorders in cattle (De Peters & George 2014). However, there are only anecdotal reports from
equine practitioners on the application of FMT from healthy horses as a successful therapy for acute and chronic diarrhoea (Feary & Hassel 2006, Mullen et al.
2016).
Considering the lack of information on the subject, the purpose of this presentation is to evaluate the clinical evidence for the use of faecal transfaunation in
horses and report on the clinical application of FMT to treat horses developing GI problems after colic surgery.
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Intravenous regional limb perfusion with antimicrobials (IVRP) has become a common adjunct therapy for the treatment of orthopaedic infections in horses.
Numerous studies have described regional drug concentrations achieved after IVRP with a variety of antimicrobials in healthy horses. Results of these studies
suggest that those antimicrobials concentrations should be effective for the treatment of horses with limb infections1-12. However, those studies also describe
large variation of tissue antimicrobials concentrations, and tourniquet efficacy is frequently questionable in some horses. Variation of tourniquet types,
tourniquet applications, tourniquet times, horses’ weights, antimicrobial doses, antimicrobial combinations, and perfusate volumes preclude direct comparisons
among studies.
Single antimicrobial or their combinations can be administered by IVRP; however, drug interactions may have negative effects on antimicrobial concentrations
and activity in regional tissues.8,9 Irritant antimicrobials or high antimicrobial doses can be associated with complications13-15 Both time- and concentration-
dependent antimicrobials can be administered. The high concentration peak achieved after IVRP makes this technique more suitable for concentration-
dependent antimicrobials, although the maintenance of antimicrobial concentrations above the MIC for a prolonged time-period also makes IVRP applicable to
time-dependent antimicrobials. Based on studies on healthy horses, antimicrobial concentrations in regional tissues remain above the MIC for periods of time
up to 36h10.
Regional antimicrobial concentrations described in healthy horses should not be directly extrapolated to the clinical scenario. Presence of experimental
synovitis caused accelerated antimicrobial distribution and clearance of amikacin in the radiocarpal joint of horses after IVRP 11; however, presence of tissue
debris, pannus and necrotic tissue might hinder antimicrobial distribution and activity. To date, regional antimicrobial concentrations in horses with naturally-
occurring infections have not been described.
The use of IVRLP did not affect second intention wound healing of experimentally created wounds16; however, IVRP did not effectively concentrate amikacin
within the wound bed and did not influence Staphylococcus aureus bioburden in an experimentally-created wound infection17. This wound model questioned
the efficacy of IVRP to deliver antimicrobials to infected soft tissues in the horse’s limb.
There is a general belief that use of IVRP has improved the successful outcome of cases with orthopaedic infections; however, this is mostly based on
individual experiences and anecdotal reports. One large limitation to the objective evaluation of the efficacy of IVRP in the treatment of orthopaedic infections in
horses is the fact that IVRP is commonly used as an adjunct treatment and horses undergo surgical treatment and receive antimicrobials systemically. Some
cases also receive antimicrobials via other loco-regional delivery techniques. There is a lack of case-control studies comparing the use of IVRP versus
antimicrobial systemic administration only, or versus other methods of administration of local antimicrobials. There is however anecdotal evidence of successful
outcome of IVRP in cases resistant to conventional treatment both in horses and in humans.18-20
IVRP has been more effective than systemic administration for treatment for experimentally-induced equine joint infections2 and has resulted in the elimination
of infection in clinical cases of infectious arthritis and osteomyelitis18,20 In experimental chronic infections in rabbits, antimicrobial perfusions resulted in
negative results of bacteriologic cultures of bones in 70% of the animals, whereas in those treated with systemically active antimicrobials, only 35% yielded
negative results.22 In that study, samples of purulent material aspirated from infected bone during the perfusion contained 100 times the antimicrobial
concentration in the serum. The same investigators treated 15 human patients with long-standing (2 months’ to 38 years’ duration) osteomyelitis with IVRP, and
clinical effectiveness of the technique was proven.20 The effectiveness of the technique was evaluated in horses by resolving experimentally induced septic
arthritis.19 In that study, the perfused joints had a significant decrease in mean leukocyte count and terminal bacterial cultures of synovial fluid and synovial
membranes yielded negative results in 50% of joints, whereas results were positive in 100% of joints treated only via systemic antimicrobial treatment.
A retrospective study on 44 horses presented with synovial injury in the distal limb, the adjunct use of IVRP was associated with 87% successful infection
eradication 15. However, another study on 174 horses treated with IVRP described survival rates of 53.43% and 91.89% for septic synovitis and lacerations,
respectively.2 In both studies, IVRP was an adjunct therapy to surgical debridement and systemic antimicrobials. Differences in case selection, inclusion
criteria, grouping and IVRP protocol limit the comparison of the results.
Conclusion
 IVRP is a simple and safe procedure that produces high regional antimicrobial concentrations in regional tissues and is commonly used as an adjunct therapy
on horses with orthopaedic infections. Objective evaluation of its efficacy is limited by the diversity of case populations and treatment strategies among studies.
Studies adopting a prospective, controlled design would be warranted to be able to draw conclusions on the efficacy of specific treatment regimens although
completion of these studies is difficult.
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Osteoarthritis is one of the more common conditions affecting the facet (articular process joints / APJ) of the neck and back, with the caudal aspect of the neck,
the thoracolumbar and lumbar regions of the back being most affected. There are many anecdotal reports on the significance of these two conditions but fewer
evidence based papers. The more common clinical signs of osteoarthritis of the caudal APJs of the neck include neck pain and stiffness, abnormal neck / head
carriage, reduced performance, poor action under saddle, a forelimb lameness, subtle hind limb gait abnormalities, ataxia, patchy sweating and hyposensitivity.
Ataxia and forelimb lameness have been shown to be due to compression of the spinal cord or the spinal nerve roots at the level of the intervertebral foramen
respectively 8 21 23 26 . The clinical signs of osteoarthritis of the facet joints of the thoracolumbar / lumbar region of the back mostly include back pain, poor
performance, hind limb lameness and gait abnormalities, bucking, kicking out and reduced jumping ability 5 6 7 8 17.
Osteoarthritis of the facet joints has been detected at post-mortem in the caudal aspect of the neck in up to 50% of normal horses 10 30 and in the
thoracolumbar region of the back in up to 93% of Thoroughbreds 19 20. An association between increasing age of the horse and increasing severity of the
radiographic changes of the caudal APJs, C5-C6 has also been demonstrated10. There does not appear to be any association between the severity of
radiographic changes and the breed, sex, use or clinical signs of the horse10. The clinical significance of osteoarthritis of one or more facet joint in the neck or
back can therefore be difficult to determine by clinical and radiographic examinations alone. Radiographic abnormalities of osteoarthritic facet joints include
enlargement, alteration in the joint space, partial or complete obliteration of the intervertebral foramina, pitted lucent zones, scerlosis and extension of the
dorsal laminae2 3 11 28. The use of nuclear scintigraphy and ultrasonography are additional imaging modalities that are readily available. Computed
tomography is less readily available but has been shown to be highly sensitive in detecting osteoarthritis of the APJ of the neck28. There is no evidence
describing the association between ultrasonographic findings and a confirmed diagnosis of osteoarthritis of the facet joints in either the neck or the back.
Expected ultrasonographic changes include irregularity of the articular processes and bone modelling at the joint margins.  Joint effusion is difficult to
determine. The size and breed of the horse has a significant influence on the diagnostic quality of ultrasonographic images obtained of the facet joints in the
caudal aspect of the back. The evidence to support the use of nuclear scintigraphy in the diagnosis of osteoarthritis of the facet joint within the neck is also
lacking. In normal horses, the radiopharmaceutical uptake by the articular processes in the caudal aspect of the neck and the vertebral symphyses should be
similar 9 12 and the left and right side of the neck should also be comparable. An increased uptake of the radiopharmaceutical (IRU) by the facet joints above
that of the corresponding vertebral bodies would therefore appear to be suggestive of facet joint pathology. Nuclear scintigraphy is also useful for ruling out
other conditions, particularly when the horse presents with a fore limb lameness. In the thoracolumbar region of the back, a moderate or intense IRU is more
likely to be seen in horses with back pain than in clinically normal horses 12 13 16.
The technique for intra-articular injection of the facet joints of the neck and back has been well described 4 15 16 18 22 25 27. There is both anecdotal and
evidence based information to demonstrate that injection of the APJs of the caudal neck is accurate with 72% of injections being intra-articular and 98% of
injections being with 1mm of the joint capsule 24. Purefoy Johnson et al. reported 89.4% of injections were intra-articular. Both papers showed an increased
chance of a successful injection with increased experience. Fuglbjerg et al. demonstrated an accuracy of 27% of successful intra-articular injections in the
thoracolumbar region (T14-L6), with 77% being within 2mm of the joint capsule. The medial approach and the use of an 18 gauge needle was more accurate
than the lateral approach and the use of a 14 gauge needle. There was also no association between the increased accuracy of injection and increased
operator experience, in contrast to the neck injections. Cousty et al. demonstrated an 86% success rate of intra-articular injections with 96% being within 5mm
of the joint margin. There was also no difference in the accuracy of the medial and lateral approaches. Whilst a successful intra-articular injection is obviously
preferable and certainly desirable when these injections are used for diagnostic purposes, peri-articular injections have still been shown to be beneficial at
other sites 14.
There is minimal evidence in the literature to demonstrate the success of treating osteoarthritis by intra-articular medication with corticosteroids.  Birmingham et
al. reported the follow up in 59 of 124 horses where the caudal APJs of the neck had been medicated with a small dose of methylprednisolone acetate. The
inclusion criteria were not clear but the majority of these horses appeared to be suffering from the neurological deficits rather than pain as the predominating
clinical sign. Follow up was also only documented by the owner. Following medication, 32% (18 horses) returned to full function and a further 31% (18 horses)
improved by greater than 50%. However, in 12 of these horses, the effect only lasted up to one month. Thus only 40% of horses responded for 6 months or
more. There is a reasonable amount of anecdotal reports of successful facet joint injections in the caudal aspect of the neck and thoracolumbar region but no
figures have been presented 5 7 8.
In 129 horses at our clinic that were presented with restricted neck mobility, 63% had osteoarthritis of the caudal APJs. 84% had a history of poor performance
or lameness and 16% had a history of ataxia. A combination of radiography and scintigraphy was used in the diagnosis in 77% of cases and the majority of
horses had 2 pairs of joints affected. C6-C7 APJ was most affected and increasing age was associated with increased risk (OR1.1) of osteoarthritis. 58/81
horses that were diagnosed with osteoarthritis of the APJs had intra-articular corticosteroid medication of the affected joints. 25 horses were lost to follow up.
11/33 horses (33%) were reported to have had an improvement in the horse’s performance.
There is a wealth of anecdotal information regarding conditions affecting the facet joints of the neck and back but there is a significant lack of clinical based
evidence. Further work, particularly relating to the outcome following treatment would be very useful and rewarding.
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Surgical site infections (SSIs) are the burden of our surgical practice. They account for as many as one-fourth of all nosocomial infections and are the most
common cause of infections in human surgical patients[1]. They lead to increased health care cost due to additional treatment, antimicrobial administrations,
extended hospital stay and patient morbidity/mortality. Further, in veterinary patients these complications create emotional and financial distress for owners and
drastically affect the animal’s welfare. Fortunately we are distant from the early days of surgery, were the treatment was worse than the actual pathology. In
those days, most surgical procedures would fail due to infectious complications. In the early 18th century, pus was thought to be normal, even adequate during
the phases of wound healing. Discoveries made by Louis Pasteur revealed the involvement of microbes in this process and simultaneously methods were
established to focus on combating the sepsis. Anti-sepsis was born.
Prior to the antimicrobial era, the pioneering work of Semmelweis in the mid 1800’s made us understand the critical role of the hands of healthcare workers in
the transmission of infections[2]. Soon after and lead by Pasteur’s saying: “Instead of fighting bacteria in wounds, would it not just be better not to
introduce them” surgeons like Koch, Lister and Halstead developed the principles to avoid the development of sepsis: the principles of asepsis and aseptic
technique were established. These discoveries coupled with the understanding of the germ theory of disease and the development of aseptic techniques may
have had the greatest impact on patient survival with regard to infectious diseases or any other medical advancement. With the dawn of antimicrobials, many
thought that infectious diseases would become a thing of the past, and the focus on prevention measures may have lapsed due to the ease with which
infections could seemingly be treated. However, in the late 20th and early 21st century, with the effectiveness of the antimicrobial arsenal waning, infection
prevention has come to the forefront once again. Considering no pathogen has yet developed any resistance to aseptic technique, the above saying by
Pasteur is therefore more pertinent than ever in our journey trying to chase zero infection rates.
Several veterinary studies have reported SSI rates, including overall infection and procedure specific infections (table 1). Most of these studies are limited, by
the lack of use of appropriate SSI definitions, absence of proper prospective surveillance programs and small sample size. In retrospective studies, large
numbers of infections, particularly more superficial ones may not get reported[3]. These superficial infections are often treated by veterinarians other than the
primary surgeon, which results in SSI rate underestimation. In human surgery, were surveillance programs are commonly in place, the overall SSI rate is ~5%
but is still considered largely underestimated because of the above-mentioned reasons.
Yet, It has been long recognized that surveillance has a dramatic impact on reduction of nosocomial infections including SSI[4]and surveillance has now
become an essential part of SSI prevention[5]. Active surveillance (table x) programs may have an impact on SSI rate decrease merely by reporting without
any other formal form of intervention[6]. Nevertheless, data collection on SSI allow for calculation of risk specific infection rates and can be used by the local
hospital and entire healthcare system to set priorities in infection control programs, review of protocols and evaluation of the effectiveness of their efforts[7].
Implementation of such programs firstly asks the use of standardized definitions (see paragraph above) allowing comparison within and amongst veterinary
healthcare institutions. Recently the crucial importance of including active post discharge surveillance (PDS) in these programs has become
clear[8]considering 20 to 94% of SSI’s are only diagnosed post discharge[9-11]and statistically higher SSI rates are reported when PDS is applied[3].
Particularly in cases of superficial SSI which may not be serious enough to warrant re-admission to a hospital[3]. Further, active follow up of SSI cases and
scrutiny of medical records have shown that approximately 50% of SSI do not get reported in the medical journal system (Weese et al., unpublished)
underlining the importance of prospective data collection.
The current recommendations in order to reduce SSI in human and veterinary healthcare are supported by a variable level of evidence[12]. Mostly since
different studies are not comparable due to the use of different definitions. The establishment of a standardized set of items useable to allow surgical site
infection monitoring in veterinary healthcare settings is believed to be a first step in achieving better comparison within and between different centers.
Recently the Center for Disease Control and Prevention has updated its SSI definitions used for the human healthcare sector. The veterinary sector currently
does not have any definition guidelines available. This article provides an overview of the current definitions useable for SSI monitoring.
The present talk will focus certain discussion points raised in a SSI definitions workgroup and aim at receiving input from the audience to finalize useable
definitions for veterinary use.
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Prompt diagnosis and characterization of surgical site infections (SSIs) is critical for early institution of proper therapy. Proper sample collection and results
interpretation are necessary for optimal patient management, and these are not always straightforward.
Collection of diagnostic samples should be considered for all cases, but there are situations where samples and testing are more important or more prone to
error. In general, the more superficial the infection, the lower the value of culture because of the greater likelihood of contamination and the lesser need for
systemic antimicrobials. In humans, culture of superficial wounds or draining tracts is not generally recommended because those samples do not necessarily
reflect the deeper, true component.( https://www.cdc.gov/antibiotic-use/healthcare/implementation/clinicianguide.html) There is not reason to think
recommendations should be different in animals.
Culture results may also provide limited patient care guidance when the infection is to be treated topically or locally. However, there is still some value of culture
in those situations, including provision of important information for the hospital’s infection control program, as it allows for recognition of unusual pathogens
(e.g. Serratia) that might prompt investigation and early detection of potential outbreaks (e.g. clusters of MRSA).
Culture is particularly important with severe infections, infections involving invasive devices, infections that are poorly responsive to antibiotics or developed
during antibiotic treat and in other situations where resistant pathogens are more likely.
Wound Sampling Options
 Biopsy
 
Properly collected tissue biopsy samples are likely the most sensitive and specific samples,1but they are uncommonly obtained because of the invasiveness,
time and cost. If biopsy samples are collected, they should be taken from viable tissue, not necrotic tissue.
Fine needle aspiration
 Fine needle aspirates can obtain material from deep sites and limit contamination with superficial bacteria. Aspirates should be collected from affected areas,
avoiding necrotic foci. Sampling from the abscess can be performed. Adequate material should be obtained for both cytology and culture. Multiple aspirates
may be required.
Swab
 Swabs are most commonly obtained, as a cheap, easy and generally effective approach. However, there are some limitations and the relative performance of
swabs versus tissue samples or aspirates is unknown in horses. Swabs only sample surface organisms, not necessarily the infected tissue. That can result in
detection of secondary colonizers, missing the primary cause. It is also much more prone to isolation of surface contaminants. Despite the limitations, swabs
will remain the most common sampling tool. The goal must be to limit the amount of surface contamination, avoid sampling of obviously contaminated sites and
to carefully interpret results from swabs, considering the site and expected resident microbiota.  In humans, the Levine technique is considered preferable to
other methods (Table 1). 1, 2
Table 1: Levine technique for wound sampling
Clean wound with normal saline
Debride nonviable tissue
Wait 2-5 minutes
If it is a dry site, moisten the swab with saline
Culture the healthiest looking tissue in the wound bed
Do not culture exudate, pus, eschar or heavy fibrous tissue
Rotate the end of the swab over a 1 cm2 area for 5 seconds
Apply sufficient pressure for tissue fluid to be expressed
 
Timing of sampling
 Ideally, samples should be collected as early in the course of disease as possible. Sample collection should be obtained before starting antimicrobials, unless
there would be a delay in starting appropriate therapy. A short delay to facilitate proper sampling may be justifiable in mild infections but delays are less
tolerable with more serious infections, where the implications of delaying the onset of empirical treatment may outweigh the benefits of antibiotic-free culture.
Cultures can still be submitted when the patient is receiving antibiotics, but the diagnostic yield is lower.
Sample Handing and Transportation
 Once a sample is collected, the goal is to maintain viability of any pathogenic microorganisms until the sample can be processed by the laboratory. Some
organisms will survive for long periods of time under most storage conditions, while others (e.g. anaerobes) may die quickly. Samples should be submitted to
the laboratory as quickly as possible, something that can be problematic in some situations. Samples should be stored at refrigeration temperatures unless
anaerobic culture is required, because oxygen diffuses better at lower temperatures and it is possible that refrigeration storage will decrease the short term
viability of anaerobes. If aerobic and anaerobic culture are to be performed, ideally two samples are collected (one for refrigeration and one for room
temperature storage). Preferably, anaerobic transportation media are used for swabs, to create an anaerobic environment and maintain viability of fastidious
anaerobes.
Cytology
 Cytology is a cost-effective, easy and overlooked diagnostic tool. It can provide rapid information to help make a diagnosis, to guide empirical therapy, to help
assess unusual results (e.g. evidence of rods with a culture report indicating Gram negative rod such as E. coli from a site where staphylococcal infections
dominate) and to presumptively organisms that may be difficult to culture (e.g. Actinomyces, Nocardia, Mycobacterium). Cytological specimens need to be
collected with care, trying to obtain the most representative sample, but they are not subject to the same potential for contamination compared to culture
because slight contamination from the commensal microbiota is less likely to be evident cytologically but can be readily grown via culture. Cytology can also
help confirm the presence of a likely infectious disease and identify some non-infectious causes (e.g. neoplasia).  Cytology should be considered every time a
diagnostic sample is obtained.
Bacterial Culture
 Culture results are an important part of the diagnostic process but culture is just one of many tools and culture results must be interpreted in the context of the
disease, the patient, the sample type and the organisms that are (or are not) obtained (Table 2).
The first thing that should be asked when receiving culture results is “do the results make sense?”. The organism that was reported (or negative cultures)
should be considered in the context of the disease, the reported level of growth, other test results, typical pathogens present at the site, and other clinical and
historical data. Interpretation of the relevance of a bacterium is based on the bacterial species, not the susceptibility profile. Resistant organisms are no more
likely to cause disease or need a different treatment approach (apart from drug selection) compared to their susceptible counterparts, so susceptibility profile
only dictates drug selection, not whether the organism is relevant or treatment is needed.
If multiple organisms are identified, the relevance of each should be considered based on the factors listed above, plus the relevant pathogenicity of each
organism, the level of growth and the commonness of each organism at that site (both as a pathogen and commensal). 
Once the relevance of the isolated organism(s) is determined, the next step is to evaluate the susceptibility profile. If one or more bacteria are determined to be
irrelevant, treatment does not need to be directed towards them, so treatment decisions should be based on the susceptibility profile of the relevant
pathogen(s), as well as patient (e.g. age, pregnancy, comorbidities) and disease factors (e.g. ability of an antibiotic to penetrate or concentrate at the site). The
goal is to target the most likely pathogen, not necessarily find one drug or drug combination that all organisms are susceptible to in vitro.
Table 2: Potential explanations for false positive and false negative culture results
False positive results False negative results
Presence of resident microbiota at a
normally polymicrobial site
A non-bacterial cause
Laboratory contamination An inadequate or non-representative sample
Contamination during sampling and
handling
A fastidious organism that died during
transportation
Use of overly sensitive methods (e.g.
broth enrichment)
Poor sample handling, storage or
transportation
Sampling incorrect site (e.g. necrotic
areas)
An organism is not readily grown under
routine laboratory conditions
 Ongoing or recent antimicrobial therapy
 Poor sampling technique
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Isolation of bacteria from synovial and other body fluid samples is often not successful. Reportedly, isolation rates may be as low as 33% when conventional
methods are used for culturing synovial fluid from horses clinically suspected with a synovial infection. Successful isolation of microorganisms from synovial
fluid is however essential, not only to confirm the infectious aetiology but also to allow antimicrobial susceptibility testing.
To our knowledge, enrichment in blood culture medium is the preferred method for maximizing identification of bacteria in equine synovial fluid and other body
fluid samples. Compared to plate culture, enrichment in liquid media offers the advantages of a larger volume of inoculum together with the dilution of growth
inhibitors. Furthermore, commercial blood culture media contain resins and lytic agents to inactivate inhibitors and release phagocytosed organisms,
respectively. When automated incubators are used, the enrichment step is kept as short as possible since culture bottles are automatically evaluated several
times per hour for growth.
In our clinic, for already ten years, all presumably infected synovial and other body fluid samples are processed by blood culture medium enrichment in small
volume pediatric bottles (BACTEC Peds Plus/F bottle, Becton Dickinson) that are incubated in an automated system with fluorogenic detection of organism
growth (BACTEC FX40 series, Becton Dickinson). Isolation rates of synovial fluid culture of horses with a clinical diagnosis of synovial infection are as high as
80%. The time to detection (TTD), defined as the time from inoculation of the sample in the enrichment bottle until detection of microorganism growth by the
automated incubator, is less than 24 h for the majority of samples and even <12 h for about 40% of the isolates. In a study of our group, it was found that the
isolation rate and TTD after BACTEC enrichment is not affected by the administration of antimicrobials prior to sampling. Furthermore, BACTEC culture bottles
serve as the ideal transport medium for synovial and other body fluid samples and if delivered to the laboratory within 12 h and stored at room temperature,
there is no effect on the recovery rate.
Using an inoculum tolerant antimicrobial susceptibility testing (AST) system, AST testing can be performed directly on the enrichment medium (i.e. without
subculturing positive bottles on agar). As such, AST results can be available 18-24 hours after the BACTEC incubator flagged a bottle positive. This is 24 hours
faster than with the Kirby Bauer disk diffusion test which requires a standard inoculum prepared from colonies isolated by subculture of the positive bottle on
agar overnight. One of the inoculum tolerant systems is the Etest (Epsilometer, AB Biodisk). The Etest is a modification of the disk diffusion test and generates
quantitative results (Minimal Inhibitory Concentration or MIC values). It is based on diffusion of a preformed antimicrobial gradient from coated plastic strips into
an agar inoculated with the test organism. The results of a study of our group confirmed that the direct Etest is fast and reliable for predicting categorical
susceptibility/resistance of bacteria present in equine synovial fluid for most antimicrobials (gentamicin, amikacin, kanamycin, cefotaxime, cefepime,
tetracycline, rifampin, amoxicillin-clavulanic acid, enrofloxacin, penicillin G and erythromycin).
Relevant literature
1. Pille, Frederik, Ann Martens, LM SCHOULS, Jeroen Dewulf, Annemie Decostere, Dirk Vogelaers, and Frank Gasthuys. 2007. “Broad Range 16S rRNA
Gene PCR Compared to Bacterial Culture to Confirm Presumed Synovial Infection in Horses.” Veterinary Journal 173 (1): 73–78.
2. Dumoulin, Michèle, Frederik Pille, Anne-Marie Van den Abeele, Freddy Haesebrouck, Maarten Oosterlinck, Frank Gasthuys, and Ann Martens. 2010.
“Evaluation of an Automated Blood Culture System for the Isolation of Bacteria from Equine Synovial Fluid.” Veterinary Journal 184 (1): 83–87.
3. Dumoulin, Michèle, Frederik Pille, A-M van den Abeele, Filip Boyen, B Boussauw, Maarten Oosterlinck, Frank Pasmans, Frank Gasthuys, and Ann
Martens. 2010. “Use of Blood Culture Medium Enrichment for Synovial Fluid Culture in Horses: a Comparison of Different Culture Methods.” Equine
Veterinary Journal 42 (6): 541–546.
4. Dumoulin, Michèle, Ann Martens, A-M Van den Abeele, Filip Boyen, Maarten Oosterlinck, H Wilderjans, Frank Gasthuys, Freddy Haesebrouck, and
Frederik Pille. 2017. “Evaluation of Direct Etest for Antimicrobial Susceptibility Testing of Bacteria Isolated from Synovial Fluid of Horses Using
Enrichment Bottles.” Veterinary Journal 220: 55–62.
Stream: LA   |   Session: Microbiology - surgical hygiene 
Date/Time: 06-07-2019 (11:25 - 12:05)   |   Location: BCC: LEHAR I-III
Back to contents
Emergent and endemic multidrug resistant pathogens in
equine surgical patients
Weese JS
University of Guelph, Guelph, Canada.
 
Introduction
 While antimicrobials have revolutionized veterinary medicine, the parallel emergence and dissemination of antimicrobial resistance has had profound impacts
on patient morbidity and mortality in human and veterinary medicine. The ability of antimicrobials to resist the effects of antibiotics existed before the advent of
medical antimicrobials, yet use (prudent use and misuse) of antimicrobials almost inevitably leads to some pressure for resistance. This can have profound
clinical effects, and resistance in animals is compounded by concerns about transfer of resistant pathogens or resistance genes to humans.
Equine Surgical Site Infection Pathogens
 General patterns amongst surgical site infections are similar between species and regions. In general, staphylococci and streptococci are most common in
orthopedic and wound infections, while Gram negative pathogens (e.g. E. coli)  tend to be more common in SSIs associated with abdominal or urinary
procedures.12–5However, a wide range of bacteria can be involved, including common aerobes, fastidious atypical organisms (e.g. Actinomyces) and
anaerobes. Different treatment challenges may be present, including variable antimicrobial resistance risks.  Antimicrobial resistance can be associated with
most bacterial pathogens; however, in equine surgery, resistance is of greatest concern in Enterobacteriaceae, staphylococci and Pseudomonas.
Enterobacteriaceae
 Enterobacteriaceae is a family that includes various animal and human pathogens, including E. coli, Enterobacter, Proteus, Salmonella, Serratia and Klebsiella,
among other relevant genera. This family, therefore, encompasses a wide range of opportunistic pathogens that are commonly found as part of the commensal
microbiota. The large gastrointestinal population of these bacteria creates ample potential for exposure to antimicrobials and intra- and inter-species
transmission of plasmid-mediated resistance. Multidrug resistant Enterobacteriaceae have emerged as an important problem, particularly in recent years. A
few different types of resistance, mediated by a wide (and sometime confusing) collection of resistance genes, can be involved.
Extended spectrum beta-lactamases (ESBLs)
 Extended spectrum beta-lactamases (ESBLs) are enzymes that confer resistance to extended spectrum cephalosporins (e.g. cefpodoxime, cefovecin, ceftiofur,
cefotaxime, ceftazidime) and monobactams (e.g. aztreonam) but are ineffective against cephamycins (e.g. cefoxitin) and carbapenems (e.g. meropenem).
They are inhibited by beta-lactamase inhibitors such as clavulanic acid and can be mediated by a variety of genes, such as blaCTX-M, blaTEM and blaSHV that
are typically encoded on mobile genetic elements and can be transmitted readily between various bacteria. ESBL-producing bacteria are commonly found in
the gastrointestinal tracts of animals, with prevalences in healthy equine populations of 4-44% (or greater) increasingly being reported.6–9ESBL shedding by
over 80% of horses referred for surgical colic has recently been identified (Weese, unpublished data). The similarity of some ESBL genes and ESBL-producing
bacteria found in humans, food animals and companion animals supports the likelihood that these bacteria and/or their resistance genes are transferred in
various directions.
Antimicrobial options for treatment depend on susceptibility to other antimicrobials as ESBL-producing bacteria often possess other resistance
determinants.10Cefoxitin can be an effective option in some situations; however, response to this antimicrobial can be unpredictable. Dosing regimens (route
and frequency) are also problematic for outpatients. Beta lactam/beta-lactamase inhibitor (e.g. beta-lactam with clavulanic acid, sulbactam and tazobactam)
combinations may be effective, but that depends on the amount of ESBL production, as high production of ESBLs (especially when more than one gene is
involved) can overwhelm the beta-lactamase inhibitor. Amikacin is often the main viable choice. Carbapenems are also effective but their use if limited based
on cost and the human medicine importance of the drug.
AmpC beta-lactamases
 Similar to ESBLs, AmpC (CMY-2) beta-lactamases confer resistance to penicillins and cephalosporins, but also cephamycins such as cefoxitin. They are also
resistant to inhibition by beta-lactamase inhibitors. Carbapenems or aminoglycosides tend to be the main options for treatment of veterinary patients.
Carbapenemase producing Enterobacteriaceae (CPE)
 In human medicine, CPE are a significant and increasing concern. Carbapenemases are a diverse group of enzymes with variable efficacy against
carbepenems (e.g. meropenem) as well as most other beta-lactams, and they can be encoded by a variety of resistance gene groups (e.g. VIM, NDM, OXA,
KPC). They confer resistance to penicillins, carbapenems, and, depending on the gene that is involved, potentially all cephalosporins, and therefore have a
broad range of resistance that is often complemented with acquired resistance to various other drug classes. The effect of beta-lactamase inhibitors is variable
and often weak. CPE are of particular concern because carbapenems represent one of the best and last lines of treatment for infections caused by some
multidrug resistant bacteria, such as ESBL-producers. Reports of CPE in animals are rare but increasing. Given the limited use of carbapenems in veterinary
medicine, this might be a reflection spillover of CPE from humans into domestic animals, but that has yet to be confirmed. The clinical relevance in animals is
likely limited, given the infrequent use of carbapenems, and concerns may be greatest regarding the potential for animals to act as a zoonotic reservoir of
CPE. 
Colistin resistance
 Detection of the colistin resistance gene mcr-1 raised much concern because of the ‘last resort’ nature of colistin for highly drug (e.g. carbapenem resistant)
pathogens. As another plasmid mediated (and therefore potentially transferrable) resistance gene that can be found in the commensal microbiota, much
concern has been expressed about its emergence. Heightening this concern was the finding of mcr-1 in companion animals, food animals and food, indicating
a potential for broader community exposure, not just exposure of people in hospitals. Currently, the relevance to horses is probably greatest from the scrutiny
this finding could have on antimicrobial use in veterinary medicine. Food animals cause greater concern as potential reservoirs for human infection.
Fluoroquinolone resistance
 While lower profile, fluoroquinolone resistance is of much greater clinical concern in veterinary medicine because of the common use of this drug class.
Fluoroquinolones can be excellent drugs against Gram negative pathogens but resistance can emerge through various mechanisms, including mutation (e.g.
mutations DNA gyrase or topoisomerase IV genes) or acquisition of genes (e.g. those that decrease drug uptake or mediate efflux pumps). Single step
mutations may have variable effects on bacterial MICs, ranging from subtle changes in MIC with continued susceptibility to resistance. Accumulation of multiple
mutations is most often associated with clinical resistance. Fluoroquinolones are excellent options when the bacterium is susceptible. Dosing based on
targeting the mutant prevention concentration is desired to reduce ongoing emergence of resistance.
Staphylococci
 From the first emergence of penicillin resistance shortly after the discovery of penicillin to identification of virtually pan resistant strain in humans, staphylococci
have been notoriously adept at becoming resistant to antimicrobials. The emergence of methicillin resistant (MR) staphylococci, particularly S. aureus (MRSA),
as important veterinary pathogens in the 1990s and 2000s was a watershed period in veterinary medicine, necessitating changes in approaches to common
infectious diseases. MR staphylococci are of concern for many reasons, including inherent resistance to many commonly used drugs (i.e. beta-lactams),
commonness of acquisition of resistance to other antimicrobials, commonness of infections (particularly skin and soft tissue infections) and the potential for
zoonotic transmission.11–15
MRSA is a high profile opportunistic pathogen that is of tremendous relevance in human medicine and a sporadic cause of disease in animals. As MRSA
began to emerge in people in the community, MRSA infections were identified in domestic animals, including horses. Sporadic infections and large outbreaks
have been encountered with MRSA in equine hospitals and on farms.
MRSA is endemic in the horse population in many (if not most) countries, being found in a small percentage of healthy horses and probably circulating readily
in the population. Initially, most equine cases were human epidemic clones (particularly ST8 strains), reflecting human-horse transmission of a strain that was
(or became) adapted to people. More recently, the livestock associated ST398 MRSA has been found in horses, predominantly in a few European countries,
raising concerns about a new wave of MRSA in horses as ST398 expands its range in livestock. Susceptibility profiles vary but there is often susceptibility to
aminoglycosides and chloramphenicol. Some MRSA isolates may be susceptible to trimethoprim-sulfonamides or tetracyclines.
Streptococci
 While streptococci can be important pathogens, clinically-relevant resistance issues tend to be limited, at least compared to organisms such as
Enterobacteriaceae, probably in large part because of limited horizontal transfer of resistance. Streptococci tend to be predictably susceptible to common first
line options such as penicillins, cephalosporins and trimethoprim-sulfonamides. Yet, resistance can be a concern in streptococci, as has been highlighted by
resistance issues with S. suis (pigs, humans), S. dysgalactiae (cattle) and S. pneumoniae (humans), so the potential for future problems cannot be dismissed.
Proven reports of clinically relevant resistance of S. zooepidemicus, are rare in horses.
Pseudomonas
 Pseudomonas spp can be clinical challenges because of resistance. Members of that genus are inherently resistant to a variety of commonly used
antimicrobials through a relatively impermeable outer membrane, constitutive expression of native efflux pumps and natural low level production of
chromosomally encoded AmpC beta-lactamase. Pseudomonas are predictably resistant to commonly used drugs such as including penicillins and most
cephalosporins, are adept at acquiring resistance and can express virulence factors that complicate treatment (e.g. biofilm production). Fluoroquinolones can
be useful drugs for treatment of Pseudomonas infection but resistance often develops through target site modification or efflux pumps.  Infections caused by
isolates susceptible only to certain aminoglycosides, anti-pseudomonal cephalosporins (e.g. ceftazidime) and carbapenems are not uncommon. Use of
combination therapy may be desired, particularly when extended durations of treatment are anticipated, to reduce the risk of emergence of resistance.
Enterococci
 This genus includes a variety of species of varying clinical relevance. Most infections are caused by two species, E. faecium and E. faecalis, both of which can
be associated with multidrug resistance. Enterococci are inherently resistant to a variety of drug classes (e.g.  penicillin, clindamycin, trimethoprim), some
drugs classes have poor efficacy in vivo (e.g. cephalosporins) and acquisition of resistance genes is not uncommon. Therefore, they are at best potentially
susceptible to only a limit range of ‘routine’ veterinary drugs, and multidrug resistance is not uncommon. Enterococci resistant to all routinely tested drugs are
not unusual and pose challenges.
Despite the potential for highly drug resistant strains, enterococci tend to be of limited virulence and infections are most common in highly compromised hosts.
Enterococci may be isolated as causes of disease but are also often found as contaminants, colonizers or of uncertain clinical significance, complicating
treatment decisions. Multidrug resistant enterococci can be considered endemic pathogens. They are, and have been, widespread in animals as commensals
and opportunists for decades. As opposed to staphylococci and Enterobacteriaceae, changes in resistance trends do not appear to have been profound in
enterococci in recent years. Certainly, highly antimicrobial resistant isolates are not uncommon, but this has been the case for some time and it is unconvincing
that there has been a remarkable change in the epidemiology of either disease or antimicrobial resistance in this genus. Perhaps the main change that has
occurred over the past decade has been increasing recognition that enterococci may not need to be treated in many cases. As bacteria of limited virulence,
there is increasing scrutiny being applied to treatment decisions in humans, and animals. In many situations, isolation of enterococci (whether multidrug
resistant or not) may not be of clinical significance. This is a particularly important aspect to consider with multidrug resistant isolates where drugs such as
linezolid or vancomycin may be the only effective options based on in vitro testing, but where treatment of any sort may not be required.
Vancomycin resistant enterococci (VRE) are important pathogens in humans.16Their virulence still tends to be limited and disease occurs most commonly in
compromised hosts, but transmission of VRE within healthcare facilities can be problematic. VRE was a concern in some European countries, associated with
use of the related drug avoparcin in food animals, with increasing VRE rates in food and companion animals. However, since this drug was banned in the EU in
1997, reported VRE rates from companion animal isolates tend to be low. Despite the importance of VRE in human hospitals, reports of VRE infections in
horses are rare and difficulties in treating enterococci in companion animals are more related to resistance to typical veterinary drugs than focused on
resistance to the rarely used drug vancomycin.
Others
 Antimicrobial resistance is not restricted to the above-described groups. Resistance is a potential problem in any clinically relevant bacterium, and, at the
individual patient level, that resistance may range from innocuous to life-threatening, largely based on the rapidity of identification of resistance and starting
appropriate therapy. Continued diligence with diagnostic testing (to identify resistant infections early in the course of disease), surveillance (to identify risk
factors, describe prevalence and detect new threats) and refinement of treatment options (e.g. dose optimization, use of topical or local approaches) are
necessary to limit the impact of resistant bacteria on infections in veterinary patients. Use of good infection control practices, in veterinary clinics, households,
farms, and anywhere animals congregate, is of utmost importance to reduce the transmission of resistant pathogens within and between species.
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Surgical site infections (SSI) are the burden of surgery. Prevention of SSI is a multimodal and multidisciplinary task since many factors occurring before, during
and after the surgical procedure play a role in the development of SSI. Half of the factors involved in the development of SSI are said to be of endogenous
source e.g. they originate from the patient itself. Aseptic preparation of the surgical fields is therefore of utmost importance. Like many other medical concepts,
the way this has been done over the years has evolved and the understanding of certain risk factors now contributes to a better prevention of SSI, also in
equine surgery.
First concept:
Increased risk of SSI in case of distant skin infection
Postpone elective surgeries in case of presence of distant infections
Second concept
The skin is the first protective barrier against infection
Respect the skins integrity at all points
Clip, do not shave
Avoid clipping in areas where hair does not interfere with surgical site
Do not “over-clip” – do not chase the last little hair risking to cause skin trauma
Use skin-friendly methods for preparation
Do not scrub aggressively
Perform meticulous suturing of the skin at end of surgery
Protect the surgical wound independent of the location with a bandage.
Third concept
Maximize the efficacy of the antiseptic agents used
Wash the skin prior to the antiseptic application with a neutral non-medicated soap until household clean
Apply the antiseptic agent and let it work
It is the contact time that provides the efficacy, not the aggressive way with which it is scrubbed on.
A contact time of 3-5 minutes is needed dependent on the agent that is used
Fourth Concept
Antiseptic resistance is a reality
Use antiseptics only when and where they are needed.
Minimize environmental contamination with the agents
Pre-wash the surgical field with non medicated Ph neutral gentle soaps.
Fifth Concept
Choose your antiseptic wisely.
No antiseptic – protocol has shown superior efficacy in reducing SSI
Protocols containing an alcohol step are more likely to be effective
Different antiseptics have different antimicrobial spectra.
Depending on the procedure, on the most likely contaminant, the use of a different antiseptic can be advised.
Use the concentration of product as recommended by manufacturer. Chlorhexidine soaps should have a concentration of minimum 2% to
be effective.
Select an antiseptic that maintains and an aaplication method skin integrity and that are not dangerous for closely located structures (eye
for example).
Sixth Concept:
It is not what we do but how we do it that has biggest impact on efficacy.
Compliance to established guidelines and in hospital protocols is low
Educate staff and revise protocols regularly and monitor application and outcomes.
Non sterile contact after aseptic surgical preparation of the field is common
Perform a last alcohol prep once horse is draped, just before incision.
 
Procedure
The horse is groomed outside the surgical theatre; the tail is plaited and wrapped in a plastic sleeve or tied in a vet flex or similar
The hoof are paired and ideally the shoes are removed or packed in an adhesive bandage
The mouth is rinsed
Once inside the surgery theatre and the horse positioned on the table the feet are covered with overshoes, plastic bags or rectal sleeves.
The entire body of the horse, excluding the surgical area, is covered with a non-sterile drape
It is preferable to use a drape that is of another colour and or texture than the sterile drapes. This will reduce confusion about sterile versus non sterile
areas after sterile covers have been applied.
Discuss with the surgeon the exact extent of the surgical preparation site, taking potential placement of drains or need for extension of the site into
account.
Clip hair in a region at least 15 to 20 cm away from the surgical incision.
Vacuum the hair from the site and the surrounding including the floor and the surgical table.
Use a build in vacuum cleaner not a household vacuum cleaner that cause air turbulence in the room
Wash the surgical site with neutral soap until household clean (the number of cycles for this can-not be predefined and is dependent on the dirt level of
the animal)
Rinse the soap of the site and remove the excess water
Change gloves
Apply the antiseptic soap in a concentric way starting over the surgical site outwards
Leave to work for 3 to 5 minutes = monitor the time with a clock !!!
Remove soap using surgical alcohol, start centrally and move outwards
The sterile surgeon will apply a last paint of an alcohol containing product before incision in a no touch fashion and let dry before incision is performed.
 If inadvertent contact of chlorhexidine containing products occurs in the eye or ear,
rinse copiously and have the patient eye examined after recovery for corneal ulcers. 
Antiseptic containers should be prepared for the day only
Clipper blades should be disinfected and new ones used for every procedure
 
Comment
Time = SSI.
 A major factor in the development of SSI is the time spent in the overall procedure. This includes the preparation. Everything should always be done to
optimize the preparation time of the surgical field. This would mean, having the necessary functional equipment and consumables available before induction
and the necessary number of people present to start off the procedure effectively. If more than one surgical site needs preparing this could then mean to have
additional personnel involved for efficient preparation. Check availability of all needed items before induction of the patient takes place.
There should always be the aim should to make the first skin incision within the timeframe of 30 minutes from induction.
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MRI-Findings in Relation to Diagnostic Anesthesia –
Observations in 88 Cases of Distal Limb Pathology
Waselau M*, Mokry A, Kasparek A
Equine Hospital Aschheim, Equine Diagnostic Center Munich, Aschheim, Germany.
 
Introduction
 Recently, accuracy of perineural anesthesia has been questioned and is thought to be inconclusive for localizing distal limb pathology (DLP). We analyzed
horses partially positive to palmar digital (PPD) but completely sound to abaxial nerve anesthesia (CPAA) that underwent MRI-examinations of the entire foot-
fetlock-region (FFR). We hypothesized that CPAA after PPD may also obliterate fetlock-region-pathology (FRP) requiring routine/simultaneous MRI-scanning of
the entire FFR to optimize treatment success/prognosis.
  
Materials and Methods
 Medical records of 43 horses undergoing MRI-scanning of FFR after PPD-/CPAA and with inconclusive results on conventional diagnostics were reviewed
retrospectively for breed/age/gender/clinical findings, degree/duration of lameness, MRI-anesthesia time/-findings and treatment/management. In lateral
recumbency, limbs were placed horizontally into the MRI-Gantry and different sequences/several planes of FFRs were acquired in the same anesthetic.
  
 
  
Results
 All FFR were completely MR-imaged without complications in an average-time of 101min. Right limbs were more often affected than the left. Lameness
duration/grade was 20weeks/grade=2.5. In 96% of limbs, FRP was detected in additional to foot-pathology(FP). Typical FRP included
metacarpal-/sesamoidean-/P1-/P2-scleroses,-edema,-fissures,-cysts; collateral-/annular-/suspensory-/sesamoidean desmitis; SDF-/DDFTendonitis and/or
manica flexoria-/flexor tears/tendovaginitis. Based on clinical-/MRI-findings, treatment of FRP was required in 67% using
shockwave/orthobiologics/bisphosphonates/shoeing (30%), osteosynthesis/arthroscopy/neurectomies (28%) or a combination thereof (42%).
  
Discussion/Conclusions
 Our results suggest that CPAA after PPD may not only obliterate FP but also FRP requiring routine/simultaneous MRI-scanning of foot and fetlock region and
thus, additional/different treatment/management. Our MRI-protocol is safe,easy and rapid to perform, may avoid missing additional FRP.  Therefore it may be a
promising approach for better understanding/management/treatment and prognosis of DLP.
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18F-Sodium Fluoride Positron Emission Tomography
findings of the equine tarsal and proximal metatarsal
regions
Espinosa-Mur Pablo PE*, Spriet Mathieu MS, Katzman Scott SK, Galuppo Larry LG
University of California, Davis, USA.
 
Introduction
 The tarsal and proximal metatarsal regions are commonly associated with hind limb lameness. Imaging findings often poorly correlate with the clinical
presentation.  Positron emission tomography (PET), as a functional imaging method, has the potential to improve clinical correlation.
  
Materials and Methods
 All lameness cases that underwent 18F-NaF PET of the tarsal and/or proximal metatarsal area between August 2016 and November 2017 were included in the
study. All available imaging was reviewed and clinical information was retrieved from the medical records.
  
Results
 A total of 16 tarsi and proximal metatarsi from 9 horses were included in the study. Clinically relevant changes seen on PET scan included osteoarthritis of the
distal tarsal joints (n=7), active bone remodeling at the origin of the suspensory ligament (n=4), subchondral bone cystic lesion of the third tarsal bone (n=2),
subchondral bone remodeling at the medial cochlea of the distal tibia (n=2) and osteoarthritis of the talo-calcaneal joint (n=1). Scintigraphy failed to detect the
abnormal uptake identified with 18F-NaF PET scan at the proximal metatarsal region. For the two cases with abnormal uptake at the medial cochlea of the
distal tibia, scintigraphy showed a diffuse, ill-defined pattern of uptake at the distal and medial region of the tibia.
  
Discussion/Conclusions
 PET helped to further characterize lesions identified on scintigraphy and determined the level of activity of abnormalities detected on radiographs or computed
tomography (CT). The functional information provided by PET was useful to better understand the source of the lameness and choose the optimal therapy.
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The use of an aiming device and computed tomography for
treatment of articular pedal bone fractures in horses
Jackson MA*, Fürst AE*
Equine Department, Vetsuisse Faculty, University of Zurich, Zurich, Switzerland.
 
Introduction
 Fractures of the distal phalanx are a common cause of lameness. The objective of the present study was to describe the use of a commercially available
aiming device (AD) for CT-guided internal fixation of articular pedal bone fractures, and to report the outcome in 14 horses.
  
Materials and methods
 Horses with an articular pedal bone fracture referred for CT-guided internal fixation were included in the study. All horses were positioned in lateral recumbency
and were operated on under general anaesthesia. For pre-operative planning and intra-operative guidance by means of CT, an AD was used.
  
Results
 Fourteen horses met the inclusion criteria. The majority of pedal bone fractures were type III (9/14), 4 were type II and one was type V. Thirteen fractures were
treated with a single 4.5 mm cortex screw, whereas in one horse two 4.5 mm cortex screws were used. Reduction of the fracture gap was evident in all horses.
Outcome was excellent in 11, good in 4 and poor in 1 horse. Recovery time ranged from 90 to 270 days (median, 138.2 days). Complications occurred in 5
horses: 2 horses showed acute and one delayed infection. Three horses showed persistent lameness.  Overall, 6/14 developed OA in the distal inter-
phalangeal joint (DIPJ).
  
Discussion / Conclusions
 The use of an AD in combination with CT allowed precise fixation of all pedal bone fractures and led to compression of the fracture gap in all cases, leading to
a favourable outcome in 13/14 horses. Implant infection and lameness were the most common complications following surgical treatment. 
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Computed tomographic assessment of 110 fractures of the
distal condyles of the third metacarpal/metatarsal bones
(condylar fractures) in a clinical setting in 103
Thoroughbred racehorses
Barker WHJ*, Smith MRW*, Wright IM
Newmarket Equine Hospital, Newmarket, United Kingdom.
 
Introduction
 The attributes of computed tomography (CT), and practicality of new light-weight portable scanners, offer potential advantages for pre-operative evaluation of
condylar fractures. To date there have been no studies on the contribution of CT in the evaluation of parasagittal fractures to the distal condyles of the third
metacarpal/metatarsal bones. The aim of this study was to descriptively evaluate CT imaging of condylar fractures in a clinical setting.
  
Materials and Methods
 A retrospective review of clinical cases was performed.  CT images of all horses diagnosed radiographically (CR) with a condylar fracture, admitted to
Newmarket Equine Hospital between January 2014 and October 2017 were reviewed.
  
Results
 A total of 110 factures were evaluated during the study period. CT provided detailed information on fracture configuration. Articular comminution was identified
more frequently on CT (41%) compared with CR (11%). CT allowed fracture propagation to be appreciated more proximally compared with CR and this was
found to be clinically significant in 21 cases where surgical planning required adjustment of screw placement
  
Discussion / Conclusions
 CT enables a detailed assessment of fracture configuration in TB racehorses with condylar fractures. Features identified on CT images may not be apparent
radiographically. Pre-operative CT evaluation, using a portable scanner, offers potential advantages to case management in a clinical setting.
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A comparative study of the ultrasonographic examination,
magnetic resonance imaging and histology of the equine
meniscus - preliminary findings
Dubuc J1, Moser T2, Laverty S*1
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Introduction
 Magnetic resonance imaging (MRI) is the gold standard for diagnosing meniscal disease in people, but its availability for horses is limited. Alternatively,
ultrasonographic (US) examination is useful for diagnosing equine meniscal disease but interpretation of some images remains challenging. The objective of
this investigation was to compare the US appearance of equine menisci with MRI and histology.
  
Material and Methods
 Menisci (n=26) were harvested from donated horses (n=13) and were frozen for later analysis. After thawing, the menisci were scored for macroscopic lesions
in the cranial and caudal horns and body regions of interest (ROIs, n= 78). FSE Dual T2 PD, SPGR 3D (1.5T) MRI and US images of site-matched ROIs were
acquired. Sections of 5 micrometers were then cut from each ROI and were stained with hematoxylin-eosin-phloxin-saffron (HEPS) for morphology and
picrosirius red to reveal the collagen network. The images were then compared.
  
Results
 A full-thickness tear of the meniscal body was successfully identified with MRI and US but disease of the inner meniscal border was difficult to visualize.
Imaging tears in the cranial and caudal horns was also a challenge with both modalities. Radial tie-fibers observed on US and MRI corresponded to collagen
bundles histologically, consistent with the so-called “artefactual” linear striations.
  
Discussion/Conclusions
 This is the first study comparing US, MRI and histology for the assessment of equine meniscal structure and tears. Caution is warranted when interpreting
horizontal tears from the meniscal outer border, on both MRI and US, as normal radial tie-fibers can create a similar image.
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A clinical approach to the diagnostic puzzle of misleading
foot cases
Oosterlinck M*, Dumoulin M, Pille F*
Department of Surgery and Anesthesiology of Domestic Animals, Faculty of Veterinary Medicine, Ghent University, Merelbeke, Belgium.
 
The diagnostic challenge of cases with foot pain is mainly attributable to problems in the interpretation of clinical signs, and issues associated with diagnostic
anesthesia.
Foot pain remains one of the main issues encountered in cases presented not only for lameness but also for poor performance; the clinical signs can vary from
moderate to severe unilateral lameness to subtle unilateral or very commonly bilateral or even quadrupedal problems. The latter cases are most often
presented for stiffness or unwillingness to work rather than lameness. It is not uncommon for a horse with severe navicular disease to be presented with a
suspicion of laminitis; besides other clinical signs like digital pulsation that may allow differentiation, careful observation may reveal toe-landing in cases with
navicular problems, in contrast with the characteristic increase in heel loading or pronounced heel landing in laminitis cases.
To investigate cases with symmetrical lameness, it can be very helpful to include lungeing and ridden evaluation. Recently, a whole horse ridden ethogram has
been developed, describing 24 behavioural markers reflecting musculoskeletal pain, and this system was applied consistently by veterinarians with
differentiation between nonlame and most lame horses (Dyson et al., 2019a,b). It can be extremely helpful to apply unilateral local anesthesia to transform a
‘hidden’ bilateral problem into a unilateral lameness, thereby revealing the actual degree of pain. In normal, sound horses, unilateral perineural anesthesia
does not result in relevant alterations in limb loading and hoof balance (Van de Water et al., 2016).  Care must be taken not to misinterpret the natural
asymmetry during lungeing, which may not be the same in both directions (Rhodin et al., 2016), and the asymmetry created by the rider during the rising trot,
mimicking a push-off lameness in the hindlimb that is in stance when the rider sits down in the saddle (Persson-Sjodin et al., 2018).
The interpretation of diagnostic anesthesia of the foot can be complicated, especially in cases with multiple-limb lameness and/or incomplete resolution of
lameness after diagnostic anesthesia. Repeating the blocking procedure on another occasion (the following day) or using a different order of techniques can be
very rewarding. However, expectation bias after the execution of diagnostic anesthesia occurs (Arkell et al., 2006), and the inherent limitations in temporal and
spatial resolution of the human eye may lead to erroneous conclusions. Using three-dimensional horse animations presenting with 0–60 per cent movement
asymmetry, Starke and Oosterlinck (2018) showed that years of experience and exposure to a low, medium or high case load had no significant effect on
correct assessment of lame or sound horses, with the exception of a significant effect of case load exposure on forelimb lameness assessment at 60 per cent
asymmetry. The correct classification of sound horses as sound was significantly higher for forelimb (average 72% correct) than for hindlimb lameness
assessment (average 28% correct): participants often saw hindlimb lameness where there was none. For subtle lameness, errors often resulted from not
noticing forelimb lameness and from classifying the incorrect limb as lame for hindlimb lameness (Starke and Oosterlinck, 2018).
Some of the issues with the evaluation of lameness are due to compensatory movements, which can be extremely misleading. This has become particularly
evident with modern technology like inertial sensor units and camera systems, which nowadays are available in the clinical setting for capturing and quantifying
movement asymmetry. A hind limb lameness usually results in a ‘compensatory’ (false) lameness in the ipsilateral forelimb (Maliye and Marshall, 2016), while a
forelimb lameness can result in a ‘compensatory’ contralateral hind limb lameness (Maliye et al., 2015). Obviously, attempting diagnostic anesthesia of a
compensatory (false) lameness is extremely unrewarding, and knowledge of the typical compensatory patterns should guide the observer to start blocking the
correct limb.
The effect of intrasynovial diagnostic anesthesia may reach beyond the synovial structure injected, as it has been shown that anesthesia of the distal
interphalangeal joint and of the navicular bursa resulted in desensitization of at least a part of the sole and especially the toe area (Schumacher et al., 2000,
2001a,b), particularly when more than 5 ml was injected in the distal interphalangeal joint (Schumacher et al., 2001a). Although there seems no direct
communication between the distal interphalangeal joint and the navicular bursa, intrasynovial anesthesia of the distal interphalangeal joint alleviates lameness
associated with the navicular bursa (Pleasant et al., 1997), and experimentally, diffusion between the navicular bursa and the distal interphalangeal joint has
been described (Gough et al., 2002). However, Schumacher et al. (2003) showed that within the first 10 minutes after injection, analgesia of the navicular bursa
should not be expected to alleviate pain arising from the distal interphalangeal joint. Moreover, from a clinical perspective, Dabareiner et al. (2003) reported
that it is not uncommon for horses affected by palmar foot pain to be refractory to treatment of the distal interphalangeal joint, only responding to steroid
injection of the navicular bursa. Therefore, diagnostic anesthesia of the distal limb can obviously be performed using perineural anesthesia of the
palmar/plantar digital nerves or using an abaxial sesamoid nerve block, but there is sufficient evidence for the rationale to obtain more specific information by
performing sequential anesthesia of the navicular bursa and the distal interphalangeal joint, and if needed also the digital tendon sheath and the proximal
interphalangeal joint. Additionally, in selected cases, it may be useful to perform only the medial or lateral part of the perineural blocks, to confirm medial or
lateral localization of pain causing lameness.
Another confounding issue may be the lack of reliable effects of lidocaine as shown by Hoerdemann et al. (2017), with only 3/8 horses with resolved lameness
after a palmar digital nerve block with lidocaine, in contrast with 8/8 horses in the mepivacaine group. Based on  that study, mepivacaine is definitely superior to
lidocaine for diagnostic anesthesia during lameness examination.
Finally, the choice of the injection technique is important. Traditionally, the reportedly most reliable needle angle positions the point of the needle towards a
location 1 cm distal to the coronary band on the lateral hoof wall and halfway between the most dorsal and palmar aspects of the coronary band (Verschooten
et al., 1990; Schramme et al., 2000). This inevitably requires penetration of the deep digital flexor tendon, but there is no proven detrimental effect of this
tendon penetration. Although needle tracts may be visible during MRI examination, Black et al. (2013) reported that this is not a typical observation when the
MRI is not performed within days following the navicular bursa injection. Moreover, any identifiable needle tracts in that study were not associated with any
lameness or other abnormalities in the deep digital flexor tendon (Black et al., 2013). Nevertheless, tendon-sparing injection techniques of the navicular bursa,
radiographic or ultrasound-guided (Spriet et al., 2004; Daniel et al., 2016; Perrin et al., 2016; Nottrott et al., 2017) have been developed.
Despite the advantage of avoiding deep digital flexor penetration with most of these techniques, there are some important limitations for their use during a
diagnostic work-up. Using an ultrasound-guided technique, Perrin et al. (2016) reported a success rate of navicular bursa injection of only 68%, at least in
cadaver limbs. The results on live horses reported by Daniel et al. (2016) using a radiographic guided technique and by Nottrott et al. (2017) using an
ultrasound-guided approach, were obtained on sedated horses with perineural anesthesia of the distal limb, precluding direct extrapolation to the clinical setting
during lameness examination. Daniel et al. (2016) reported inadvertent penetration of the distal interphalangeal joint and the digital flexor tendon sheath in 33%
and 35% of limbs, respectively, and the risk was significantly increased in case of distention of these structures (Daniel et al., 2016). Similarly, Nottrott et al.
(2017) reported that the success rate of navicular bursa injection without concurrent penetration of other synovial structures was 79% in cadaver limbs and
77% in live horses. In 41% of limbs, they observed extravasation of contrast medium into proximal peripheral soft tissues. Diffusion or leakage of local
anesthetic solution from the bursa into the distal interphalangeal joint and/or peripheral soft tissues would obviously have clinical implications, such as
iatrogenic contamination of adjacent synovial structures in case of synovial sepsis (Daniel et al., 2016), loss of medication volume destined for intrabursal
treatment, and desensitization of the lateral palmar digital nerve by mepivacaine (Nottrott et al., 2017). The latter issue would severely impact the diagnostic
value of the procedure.
It should not be forgotten that imaging modalities can only reveal structural abnormalities, and that diagnostic anesthesia is the only way to localize pain and
subsequently help determining the clinical significance of imaging findings.
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Hindlimb lameness: what about the foot?
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The foot and especially the navicular region is a typical localization for front limb lameness. However, foot lameness and navicular syndrome do also occur
quite commonly in the hindlimbs. To our opinion, an important number of these cases remain undiagnosed for several reasons.
First, vets have always been instructed that foot lameness is essentially a front limb issue whereas hind limb lameness typically originates from the hock and
stifle region. For this reason, a lot of vets don’t include the foot in their short list of possible localizations for hind limb lameness and therefore almost never
block a hind foot. Furthermore, some of the horses with a hind foot lameness present with a misleading positive flexion; i.e. a flexion that suggests a hock or
stifle problem but that becomes negative after blocking the foot and is thus directly associated with the foot lameness.
Second, foot lameness in a hindlimb may be bilateral, often quite symmetric, or may present in horses that have also (bilateral) front foot lameness. Typically,
these horses present with a vaguer history: the rider has the impression that the horse is stiff, that it may have pain and tries to compensate whilst sometimes
horses even become reluctant to work and compete. Empirically, a lot of these horses get diagnosed with back problems and receive multimodal treatments
instead of an in-depth lameness exam with blocks and ridden evaluation to confirm the relevance of the lameness that has been blocked. Furthermore,
unravelling multiple limb lameness has an inherent learning curve and is difficult because the lameness you detect is the result of the pain in that limb, the
contralateral lameness and eventually a so called ‘compensatory lameness’ (i.e. hind limb lameness influences front limbs symmetry and vice versa).  
Third, in horses with an obvious front foot lameness that are also not correct in the hindlimbs, the hindlimb lameness is very often looked at as being
‘secondary’, hence irrelevant to explore immediately further. However, it might be possible that a lot of the front foot problems we see gradually develop in our
sporthorses result from overload of the front limbs in horses that do not fully engage the hindquarters because of (subtle) hind limb problems.
In a nutshell, the characteristics of typical hind foot lameness are:
no relevant abnormalities during inspection and palpation (sometimes horses react when tapping halfway the frog),
the lameness is accentuated on a circle on the hard surface with the affected limb at the inside of the circle,
the lameness can be unilateral, bilateral (symmetric) and/or combined with a front foot lameness,
there might be a (mildly) positive flexion associated with the foot lameness (see above),
the lameness blocks to a distal digital nerve block,
radiographs of the affected foot / feet don’t reveal relevant abnormalities,
a significant number of the cases turn out to be navicular region problems because of a positive navicular bursa block and/or successful navicular bursa
treatment.  
During the lecture, several cases of hind limb foot lameness will be presented in a way to get familiar with the lameness patterns and to share ideas about
symptoms, diagnosis and treatment.
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Radiographic assessment of the navicular bone and its
relation to prognosis
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Navicular disease is lameness associated with pain arising from the navicular bone, the collateral sesamoidean and distal impar ligaments, and the navicular
bursa. Concurrent degenerative change of the deep digital flexor tendon may be present. There are 4 basic forms of navicular disease based on the pathology
and MRI appearance of lesions:
1. Degenerative disease of the palmar surface of the navicular bone results in degeneration and loss of fibrocartilage and cortical bone from the
flexor surface. This has been called ‘classic navicular disease’.
2. Osseous fragmentation occurs at the lateral and/or medial angles of the distal border of the navicular bone. Distal border fragments may result in
remodeling changes of the adjacent cortical bone and spongiosa at the distal border of the navicular bone.
3. Primary inflammation, contusion or necrosis of the medulla results in signs of oedema or haemorrhage in the spongiosa of the navicular bone. In
rare cases, necrosis of the medullary adipose tissue may occur. These pathological changes may be the result of a traumatic rather than
degenerative origin. 
4. Primary desmitis or enthesopathy of the supporting ligaments of the navicular bone can be a cause of lameness and lead to remodeling changes
of the proximal and distal borders of the navicular bone. Primary injury of these ligaments is rare and desmitis is usually secondary to chronic
degenerative disease of the navicular bone or the deep digital flexor tendon, and associated with navicular bursitis.
Even though radiographs are too insensitive to detect early bone or any soft tissue or cartilage change, they remain the main diagnostic tool in practice to
demonstrate morphologic changes in the navicular bone and adjacent structures. However, radiography only allows the recognition of advanced bone disease.
A minimum of three high quality radiographic projections are required: a 60° dorsoproximal-palmarodistal oblique, a lateromedial, and a palmaroproximal-
palmarodistal oblique (flexor) view. The diagnostic quality of the radiographs remains of primary importance and is frequently below par, even today when
digital radiography has replaced the use of traditional film/screen combinations. Improvements have been suggested to increase the diagnostic yield of the
flexor view (Bathe 2003; Johnson et al. 2018). The most reliable findings for diagnosing navicular disease are defects in the flexor cortex, medullary trabecular
disruption, medullary pseudocyst formation, medullary sclerosis, poor flexor corticomedullary demarcation, distal border fragments, and enthesophyte
formation of the proximal and/or distal borders. The size, shape and number of the synovial invaginations of the distal border are more ambiguous features. As
there is a wide variation in the appearance of these synovial invaginations in horses without lameness, it is impossible to base a diagnosis of navicular disease
or to predict the possibility of future navicular disease, on the appearance of the distal border of the bone.
MRI is currently the preferred technique for evaluation of the navicular bone in horses with palmar foot pain. The most common MRI abnormality seen in
horses with both acute and chronic navicular disease is bone marrow oedema signal in the spongiosa of the  navicular bone on fat suppressed (STIR) images,
with or without areas of increased mineralization (sclerosis) on other images. The presence and intensity of bone oedema is frequently correlated to the
presence and severity of lameness in horses with osseous injury. Bone marrow oedema signal in the spongiosa of the navicular bone may therefore be a
useful measure of ‘disease activity’ of the affected bone. MRI is currently the preferred technique for evaluation of the navicular bone in horses with palmar foot
pain.
We recently performed a study to try and determine the clinical significance of the common pathological lesions associated with degenerative navicular bone
disease (flexor cortex erosions, distal border fragments and increased/enlarged synovial invaginations) by comparing their presence and grade with each other
and with the presence and grade of bone marrow oedema lesions. We  hypothesized that an association would be shown between flexor cortex erosions and
bone marrow oedema signal, between distal border fragments and bone marrow oedema, but not between synovial invaginations and bone marrow oedema.
From 2016 to 2018, 287 horses were presented for MRI of a lame foot. The data are presented in Table 1. Synovial invaginations were identified in 287 (100
%) of the feet examined, bone marrow oedema in 181 (63%), distal border fragments in 45 (15.6%) and flexor cortex lesions in 23 (8%).  The Kendall-Rank
correlation tau test showed significant associations (p<0.05) between bone edema and flexor cortex erosions, bone edema and distal border fragments and
flexor cortex erosions and distal border fragments (p = 0.0002, 0.00001 and 0.0002 respectively) (Table 2).  Multiple correspondence analysis supported the
findings of Kendall-Rank tau values (Fgiure 1).  Even though this confirmed an association between flexor cortex lesions, distal border fragments and bone
marrow oedema signal, the correlation coefficient tau values were rather weak (0.2) (Table 2).  
Table 1. Distribution of lesions according to grade (n = 287)
Grade
 (McGregor Score)
0
 (0-4)
1
 (5-9)
2
 (10-14)
3
 (15-19)
4
 (20+)
BE (n = 181) 96 49 24 9 3
DBF (n = 45) 23 10 7 3 2
FCE (n = 23) 13 6 3 0 1
SI (n = 287) 167 69 36 12 3
 
BME = Bone marrow oedema; FCE = flexor cortex erosions;
 DBF = distal border fragments; SI = synovial invaginations
Table 2. Kendall-rank correlations between different lesion types and grades (N = 287 feet)
Lesion1 Lesion2 Kendall tau correlation coefficient P value
FCE BME 0.20 0.0003*
DBF BME 0.23 0.000019*
SI BME 0.03 0.46
FCE DBF 0.21 0.0002*
FCE SI 0.00 0.67
DBF SI 0.03 0.60
BME = Bone marrow oedema; FCE = flexor cortex erosions;
 DBF = distal border fragments; SI = synovial invaginations
Figure 1. MCA correlation of variables
BME = Bone marrow oedema; FCE = flexor cortex erosions;
 DBF = distal border fragments; SI = synovial invaginations
It is generally accepted that horses with obvious radiographic abnormalities of the navicular bone have a poor long-term response to therapeutic shoeing and
medical management (Verschooten et al. 1990; Verschooten et al. 2003). Especially flexor cortex erosions have been associated with poor outcome (Bell et al.
2009; Gutierrez et al. 2010) although this was contradicted by one study where 6 out of 6 horses with cortical erosions became sound after intrabursal injection
of corticosteroids (Marsh et al. 2012).  The majority of horses with distal medullary cysts or distal border fragments with adjacent osseous resorption also
remain lame following medical management (Guttierez et al. 2010).  Finally prognosis for horses with concurrent deep digital flexor tendon, navicular bone and
navicular bursa lesions is always worse than horses with individual lesions, supporting the added value of MRI in the diagnosis and prognosis (Gutierrez et al.
2010). In one study, 95% of horses with concurrent lesions of the navicular bone and the deep digital flexor tendon remained lame in spite of treatment (Dyson
et al. 2005).
If therapeutic shoeing and medical management are insufficient to return a horse to its prior performance, the horse may still respond favourably to a palmar
digital neurectomy as long as lameness is not associated with injury of the deep digital flexor tendon (Gutierrez et al. 2014).
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Imaging the navicular region in the lame horse
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Over the past decades, imaging has seen tremendous technologic advances that have transformed the practice of veterinary medicine with the arrival on the
veterinary market of new technologies enabling to image the equine patient with unprecedented detail. When assessing horses’ feet, low-field standing
magnetic resonance imaging systems have now become available in many equine veterinary clinics in Europe and through the world and have provided large
benefits to assess the navicular region. Prior to the arrival of magnetic resonance imaging as a diagnostic tool in equine orthopaedics, the imaging approach to
the navicular region was to assess the foot starting with radiology. Then either based on clinical data and radiographic examination rest or treatment was
established, or, in a minority of cases and depending of the skills of the available ultrasonographer, ultrasonography was proposed as a complement. Today,
radiology still remains the first modality applied on the equine foot to image the navicular region. Radiology is able to detect relatively late osseous changes
and some of the previously considered significant radiographic findings have become questionable since magnetic resonance imaging demonstrated that lame
horses presenting these abnormalities also have other major changes in surrounding structures. Radiographs are also very useful to assess foot conformation
that can be of paramount importance in the management of horses with abnormalities located in the navicular region.  
In contrary to other region of the horse’s limb, ultrasonography has not reached the same widespread use to assess the navicular region. This is mainly due to
the technical difficulty of the application of this technique in such a region where the soft tissue structures are partially embedded into the hoof capsule and to
the need of a second specific ultrasound probe (a microconvex) not really used for any other application in equine practice but absolutely essential for the
assessment of the foot. Ultrasonographic examination of the foot requires approaching the anatomical structure contained in the hoof capsule using multiple
approaches. The assessment of the palmar aspect of the foot by an approach through the distal pastern requires the use of a high frequency microconvex
probe with a relatively small head but rarely the navicular bone is reached using this approach. The transcuneal approach that uses the frog as an acoustic
window performed using either a 7.5MHz linear or a 5-7MHz convex transducer is used to assess the palmar navicular surface. Careful preparation of the foot
is necessary to obtain good quality images: the frog has to be trimmed flat and has to soak in warm water for at least 15 minutes before ultrasonography.
Despite technical limitation, ultrasonographic examination has a place in navicular imaging. Most suprasesamoidean deep digital flexor tendon lesions and the
prodotrochlear bursitis giving an increase in size of the proximal palmar recesses of the bursa will be routinely visualized at ultrasonography and their detection
will give useful information about their accessibility for ultrasound-guidance for treatment injections. Moreover ultrasound is very sensitive for flexor surface
irregularity and may reduce the need of or clarify a sky-line view.
Therefore, for imaging the navicular region, in our clinic we consider that radiographs should always be taken first, then an ultrasonography may be indicated
and finally magnetic resonance imaging should be considered depending on the previous findings and their clinical correlation with the lameness. This
approach is called “staged imaging”. Staged imaging is largely supported in human medicine to effectively deploy resources, as radiographs and ultrasound
require less time to be performed and to be interpreted and are less expensive in comparison to advanced imaging modalities. Also the combination of the
information collected by radiographic and ultrasonographic examination may be, in certain clinical cases, sufficient to establish a first treatment option and
orthopaedic shoeing, and therefore the horse’s economical value or the distance of the closer magnetic resonance imaging facility may not justify the use of
magnetic resonance imaging as an early option. However, magnetic resonance imaging has revolutionized the approach to the diagnosis of foot lameness as it
has introduced the only complete and accurate imaging modality allowing a complete final assessment of what it is going on in the horse’s foot. Because of its
relatively high availability in Europe, its easier application since the use of standing dedicated magnets and its safety, magnetic after a first staged imaging
work-up. The early use of magnetic resonance imaging will help to target treatment, increase the chance to obtain an outcome that can be considered
satisfactory, and potentially prolong the career of sport horses through a better management of their feet.
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Managing navicular bone fractures
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Fractures of the navicular bone have been well described already many decades ago1,2. The following configurations are observed: avulsion fractures of the
distal margin, dorsal/frontal plane fractures, comminuted fractures and simple parasagittal fractures3. While fragments at the distal margin are part of chronic
degenerative navicular disease, dorsal/frontal plane fractures occur very rarely. The prognosis for comminuted fractures is poor. The most common
configuration is a simple parasagittal fracture with the front limbs being more commonly affected. The fracture line usually goes through the narrowest part of
the bone, about 1/3 of the length of the bone from lateral or medial. They can be mildly oblique and are usually not or only mildly displaced4.
These fractures should not be confused with bi- or tripartite navicular bones5.  
Simple parasagittal fractures can occur as a pathological fracture secondary to degenerative chronic navicular disease but most commonly, they occur in
healthy horses after a single traumatic event. They usually cause significant lameness.
Conservative treatment options are rest which can be combined with application of a hoof cast/Nanric shoe/heel wedges or orthopaedic shoes that elevate the
heels and have quarter clips. Healing takes usually 10-12 months but osseous union is rarely achieved. Horses treated conservatively usually remain
chronically lame and have a guarded prognosis for use at pleasure riding level6.
Palmar digital neurectomy can be used as a salvage procedure. However, results have been disappointing in a case series and the authors speculated that this
surgery should not be performed before 6-12 weeks after the fracture occurred and that horses should only be used at a moderate level long-term2,6.
The poor results achieved with conservative management motivated equine surgeons in the 1980`s to attempt lag screw repair of simple parasagittal fractures
despite the difficult approach and challenges concerning surgical navigation7.
The hidden position of the navicular bone in the hoof capsule, the complex three-dimensional anatomy of the area and the small room for error require
advanced perioperative diagnostic imaging and surgical navigation to allow lag screw repair of parasagittal fractures.
Recent approaches include the combination of surface markers, an aiming device and pre-/intra-operative CT for implantation of a single 3.5 mm cortex screw
in lag fashion8, combination of a surface marker mesh, an aiming device and pre-/intra-operative CT for implantation of a single 3.5 or 4.5 mm cortex screw in
lag fashion9 or use of computer-assisted surgery based on a 190° fluoroscopic scan followed by 3D-reconstruction and optoelectronic instrument tracking for
implantation of a 3.5 or 4.5 mm cortex screw in lag fashion10,11.
Here we present a CT-assisted technique performed in a hybrid operating room to implant a single 3.5 or 4.5 mm cortex screw in lag fasion to treat parasagittal
fractures of the navicular bone. The technique is described in the lecture on „Technical aspects of CT assisted surgery“.  Specific adaptations for navicular
bone fractures are: position the horse in lateral recumbency with the smaller fragment „up“, try to fix the digit in extension using a wire inserted through holes
drilled in the hoof wall. Be aware that there is considerable variation what structures need to be penetrated with the drill bit (size corresponding to diameter of
the glide hole) during the approach to the navicular bone: only the ungular cartilages in some horses, whereas in others there are ossified ungular cartilages or
the palmar/plantar process of the distal phalanx in the way. The hole through the hoof wall is enlarged corresponding to the diameter of the screw head only
after the thread hole has been completed.
Using this technique, simple and precise control of implant placement is possible. However, even with nicely placed screws we observed complications such as
fragmentation of the cis-fragment 2 weeks after implantation of a 4.5 mm cortex screw, breakage of a 3.5 mm cortex screw postoperatively or rapid progression
of osteoarthritis in the distal interphalangeal joint. 
Figures
Fig. 1: Intraoperative CT-control to evaluate correct position of the aiming device used as a drill guide. 
Fig. 2: Intraoperative control of correct implant position and length.
Fig. 3: Fragmentation and dislocation of the cis-fragment post-operatively after implantation of a 4.5 mm cortex screw in lag fashion. 
Fig. 4: Breakage of a 3.5 mm cortex screw implanted in lag fashion into the navicular bone that occurred a few weeks after surgery.
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The key to successful long-term management of ‘palmar foot pain’, which is a clinical sign rather than a diagnosis, is knowledge of the exact nature of the
condition, as many different conditions may fall into this category (Labens and Redding, 2012). Treating ‘palmar foot pain’ often involves management of
lesions of the navicular apparatus itself but may also involve the distal part of the deep digital flexor tendon, the distal interphalangeal joint and its collateral
ligaments, the distal phalanx and the hoof capsule. Advanced diagnostic imaging has definitely deepened our knowledge of the spectrum of pathologies
encountered in horses with ‘foot pain’, but it remains challenging to make evidence-based therapeutic decisions for an individual case. Moreover, it should be
highlighted that there is no imaging modality able to visualize pain, and therefore, the interpretation of the (abundance of) structural abnormalities identified by
advanced imaging still relies on the clinical information including response to diagnostic anesthesia.
The close relationship between form and function of the equine hoof opens unique therapeutic perspectives, and even subtle biomechanical changes created
by therapeutic trimming and/or shoeing may be an important and underestimated part of the treatment strategy (Oosterlinck et al., 2017a,b). In the early
stages, biomechanical optimization with or even without further medical support may be all that is needed. Moreover, even when medical or surgical treatment
is deemed necessary, the complementary effects of trimming and/or shoeing should be considered. This has been described by Oosterlinck et al. (2017a,b)
and will therefore not be repeated here.
Intrasynovial injection of anti-inflammatory medication is a cornerstone of the treatment in many cases. Bell et al. (2009) reported that in a sample of 23 horses
presented for MRI examination of foot pain, 74% returned to intended use within 2-4 weeks after navicular bursa injection, and mean duration of soundness
was 7.3 months. Horses with erosions of the flexor surface of the navicular bone, or with adhesions between the deep digital flexor tendon and the navicular
bone responded poorly, whereas cases with navicular bursitis compared to other MRI findings responded very well to treatment. Similarly, in a larger study
sample of 101 horses, Marsh et al. (2012) reported that 75% returned to their intended use for a mean of 9.7 months, with the subgroup with lameness less
than 6 months before treatment outperforming the group with longer duration of lameness. Rest affected outcome, as 71% of the horses that were immediately
returned to work after treatment were able to return to their intended use for a mean of 5.5 months, whereas 84% of horses placed into a 6-month rest and
rehabilitation programme after treatment returned to their intended use for a mean of 19 months, which was a significantly larger proportion and a significantly
longer time. Horses with bursitis were more likely to return to their intended use than those with scar tissue in the proximal portion of the navicular bursa,
adhesions between the deep digital flexor tendon and the navicular bone, or multiple abnormalities. From these studies, it is concluded that identification of
specific abnormalities via MRI does affect treatment strategy and prognosis, and that rest and rehabilitation are important, especially in cases with deep digital
flexor tendinopathy. However, even within the category of deep digital flexor tendinopathy, the prognosis for different lesions is variable, and it has been shown
that dorsal border lesions have a better prognosis than core lesions and sagittal splits of the tendon (Cillan-Garcia et al., 2013). Moreover, lesions size is an
important prognostic factor, and one study determined that horses with lesions >35 mm or >20% of the tendon cross-sectional area remained lame (Vanel et
al., 2012).  Clinically, horses with unilateral lameness respond better to injection than horses with bilateral lameness (Marsh et al., 2012). Results may vary
based on the intended use, as horses with tendinopathy of the deep digital flexor tendon within the foot used for Western performance activities seem to
respond better than horses used for English performance activities (Lutter et al., 2015).
Some novel medical strategies have been explored. Gutierrez-Nibeyro et al. (2014) described that intrabursal administration of botulinum toxin type B
temporarily alleviated chronic lameness in a small sample (n=7) of horses with degenerative injury to the podotrochlear apparatus; however, none of the horses
were clinically sound after treatment, and 2 horses developed transient increases in lameness attributable to inflammation in the treated foot 2 days after
treatment.
Although the mechanism of analgesia of bisphosphonates is still unclear, a single systemic treatment with tiludronate (1 mg/kg i.v.) appeared to decrease
lameness in horses with navicular syndrome after 120 days (Whitfield et al., 2016). However, no horses were judged as sound during the study period and
treatment via IV regional limb perfusion did not have a significant effect (Whitfield et al., 2016). Similarly, a single systemic administration of clodronate (1.4
mg/kg i.m.) has shown to result in a small yet significant decrease in forelimb lameness in horses with navicular syndrome (Mitchell et al., 2018). From these
studies, it can be concluded that systemic administration of bisphosphonates may be helpful as adjunctive treatment but is unlikely to be effective as single
treatment. 
Biological or ‘regenerative’ treatments with autologous or allogeneic stem cell preparations, autologous conditioned serum, plated-rich plasma etc. have gained
a lot of interest, and intralesional or intrasynovial approaches and even intra-arterial or intra-venous regional limb perfusion with stem cells have been explored.
Anecdotally, positive effects have been observed for example in horses with tendinopathy of the deep digital flexor tendon (Bell et al., 2010). Unfortunately,
large-scale randomized controlled trials have not been performed, and evidence-based information on differences between specific products or the choice for a
treatment strategy for a specific pathology is still missing.
Extracorporeal shock wave therapy has been used to treat a plethora of painful musculoskeletal conditions, although its precise mechanisms of action are still
largely unknown. Experimentally, transient cutaneous analgesic effects have been reported (McClure et al., 2005). While Dahlberg et al. (2006) reported an
improvement in lameness in horses with naturally occurring unilateral distal limb lameness, this was on average observed for only two days (Dahlberg et al.,
2006), and another clinical study on horses with palmar heel pain was unable to demonstrate pain relief one week after treatment (Brown et al., 2005). Despite
anecdotal success stories, the scientific evidence to support or guide its use for treatment of foot-related lameness is still debatable.
Promising results have been reported following bursoscopic debridement of tendon lesions within the navicular bursa (Smith and Wright, 2012). However,
bursoscopy does not facilitate lesion management in every case, and therefore case selection based on the accessibility of the (main) lesion(s) is of utmost
importance. Other surgical techniques like cortical fenestration of the navicular bone, distal digital annular ligament desmotomy, collateral sesamoidean
ligament transection etc. have only been performed in an insufficiently large number of cases, precluding conclusions on their indications and limitations.
Desmotomy of the accessory ligament of the deep digital flexor tendon has been described as a potential treatment for deep digital flexor tendinopathy in 3
Quarter Horses with severe bilateral deep digital flexor tendinopathy after failing to respond to conservative therapy, with a marked improvement in this small
sample of cases (Humbach and Gutierrez-Nibeyro, 2018).
Given the highly complex and variable nature of the lesions encountered in ‘palmar hoof pain’ cases, it is not realistic to strive for one single universal panacea.
The difficulty of selecting the optimal combination of medical, ‘biological’ and/or surgical therapies and biomechanical optimization through farriery, is a major
challenge for the equine orthopedic community.
Palmar digital neurectomy is used in horses for treating chronic foot pain refractory to other treatments (Gutierrez-Nibeyro et al., 2018). Various methods have
been described, of which the guillotine technique and the pull-through technique are used most widely. Alternatively, the intraneural injection of alcohol in the
palmar digital nerve has been described to result in temporary attenuation of experimentally induced lameness (De Mello Nicoletti et al., 2004; Schneider et al.,
2014). There is a marked difference in outcome between studies on palmar digital neurectomy, likely due to differences in criteria for case selection (e.g.
whether or not to include cases with multiple/complex problems, severe pathological problems and/or only partial response to a palmar digital nerve block).
Gutierrez-Nibeyro et al. (2015) reported a median length of lameness resolution of 20 months, whereas Maher et al. (2007) claimed a median time of 50
months without lameness after palmar digital neurectomy. Oosterlinck et al. (2019) reported no significant difference in the total time that horses that
responded to surgery were performing post-operatively (36 and 18 months, for the guillotine technique and the pull-through technique respectively), however,
the range was very large. Moreover, in that study, horses initially responding to surgery presented recurrence of lameness within 1 year in 4 of 20 cases
(20.0%) after the guillotine technique and in 5 of 15 cases (33.3%) after the pull-through technique (Oosterlinck et al., 2019). Overall, the results described by
Oosterlinck et al. (2019) were worse than those described by Jackman et al. (1993) (20% recurrence of lameness within the first year), Maher et al. (2007)
(12% recurrence of lameness within the first year) and Matthews et al. (2003) who did not observe recurrent lameness within the first year after the guillotine
technique. The highly variable individual response in the duration of post-operative performance and the relatively large number of cases with recurrent
lameness (probably because the initial injury increases in severity and may extend outside the neurectomised area) are very important facts for client
education and/or informing owners prior to surgery. Based on MRI evaluation, it has been recommended to avoid digital neurectomy in cases with core or
linear lesions of the deep digital flexor tendon, which are known to result in residual lameness or early recurrence of lameness after PDN (Gutierrez-Nibeyro et
al., 2015). Setting realistic expectations for clients is very important and based on the limited proportion of horses without lameness when time progresses,
adequate case selection is warranted. This should ideally involve quantitative evaluation of diagnostic anaesthesia as well as dedicated imaging techniques.
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Hydro-surgical debridement tools: worth the investment?
Gorvy D*
Mälaren Hästklinik, Sigtuna, Sweden.
 
Horses often sustain traumatic wounds, commonly associated with tissue loss, necrosis and heavy contamination [1]. Whenever possible, primary closure is
preferred over healing by second intention. Primary closure reduces the risk of further wound contamination and infection and, if successful, healing is faster
with a superior cosmetic and functional outcome
[2]. Second-intention healing, of distal limb wounds in particular, is at high risk of complications such as chronic inflammation, the development of exuberant
granulation tissue, poor wound contraction and slow epithelialization [3]. Effective debridement is the essential first stage in reducing the risk of wound
infection, considered to be a important cause of dehiscence and impaired healing overall [4]. Traditional wound debridement involves sterile saline irrigation
and sharp resection. However, this is time-consuming, laborious, and inefficient. With sharp debridement, there is always a risk of removing viable tissue or
leaving necrotic tissue in the wound, especially when the margin between the two is ill defined.
A more effective hydrosurgical device (VersajetTM) was launched in 1997 and is routinely used in the human field to manage burns [5–7] and a variety of other
acute and chronic wounds [8, 9]. The system has now been adopted by many equine hospitals, and has proven to be cost effective since the handles can be
reused. It consists of a foot-pedal-activated power console, a handpiece connected to a sterile saline supply and a waste tube that can be connected to a
receptacle (Figure 1). A high-pressure stream of sterile saline jets across the operating window of the handpiece and, while cutting, creates a localised suction
(Venturi) effect (Figure 2).
The Versajet II console was launched in 2012 and although there is the added benefit of altering the power level with the foot pedal, the new handpieces are
unfortunately harder to clean and re-use. For several years, it was possible to obtain discounted handpieces for the original console, however, the supply is
now depleted.
On the human side, a number of benefits have been claimed for the VersajetTM, including simultaneous dissection and aspiration, sparing of viable tissue, and
high precision. In a recent prospective, randomized controlled trial, the VersajetTM was compared with scalpel debridement of partial thickness paediatric burns
[10). Hydrosurgery was shown to facilitate more precise debridement and preservation of dermal tissue but with no effect on scarring or time to healing. The
results of studies that looked at the bacterial reduction achieved by hydrosurgical debridement have previously been equivocal [11, 12-14]. However, we have
shown in an ex vivo study, that hydrosurgical debridement was far more effective at reducing the load of S. aureus from contaminated equine muscle,
compared to conventional debridement methods [15].
Unfortunately, a prospective, randomised controlled trial of the use of the VersajetTM on clinical equine wounds is lacking. The effectiveness of the instrument
in the clinical setting is therefore anecdotal. In our clinic, we routinely use hydrosurgical debridement in both standing and anaesthetised horses, for all but the
most minor wounds. It is fast, precise, and effective, enabling the successful primary or delayed secondary closure of wounds that previously would have been
left to heal by secondary intention. This can be best illustrated in Figure 3, which depicts a severely contaminated laceration of the distal dorsal metacarpus,
with exposure of the CDET and bone. The wound was debrided with the Versajet, closed primarily, and healed with zero dehiscence.
Perhaps it is not yet time to put down the knife, but I consider the VersajetTM hydrosurgery system to be an absolutely essential component in the surgeons
wound healing armoury.
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All equine surgeons are presented with a case where wound closure is not possible after wounding or mass removal. In many cases, second intention wound
healing is used to get these wounds to heal. However, in some instances, primary wound closure is preferred. This is especially true near the eye, ear, lips, or
other important structures. Reconstructive flaps can be used in these cases to achieve primary wound closure. There are many types of flaps that can be used
in equine wound care. The most important requirement for a reconstructive flap is that there is tissue adjacent to the wound or tissue defect that can be
advanced or rotated into the tissue defect. It is desirable to be able to close the new defect, but it is not required. An example is a rotational flap on the head to
cover a sinus or nasal fistula. The new wound side can be left open to heal by second intention in order to cover the bone defect. It is common to use tension
relieving suture patterns with advancement and rotational flaps as it is very difficult to completely remove the tension when closing.
Sliding “H” plasty: The sliding “H” plasty can be performed with either one or two advancement flaps. It is a simple technique where a square or rectangular
defect is created around a wound or mass and one or two flaps are undermined and advanced to close the defect. The length of the advanced tissue should
never be more than 2 time longer than the width of the advance tissue.
“Z” plasty: The “Z” plasty is used to relieve tension along a linear scar, or to change the orientation of a scar. The plasty is not involved in the wound closure as
much as it “donates” skin and relieves tension on the primary closure. The “Z” plasty is very helpful around the eye, ear or lips. A Z is made with the cross bar
of the Z perpendicular to the injured tissue. When the flaps are transposed, there is less tension on the wound closure.
“V to Y” plasty: The “V to Y” plasty achieves a similar end result as the “Z” plasty. It is also very useful around the eye, ear, and lips. This technique can actually
be reversed to a “Y to V” if plasty there is too much tissue in an area.
Rotational Flap: Rotational flaps are used when there is tissue adjacent to a defect and the “H” plasty is not useful. The cosmetic results of a rotational flap are
generally not as good as with an “H” plasty, but they can be very effective. These flaps are very useful on the head where there is generally not a lot additional
tissue to advance. A section of skin, adjacent to the wound defect, is mobilized and rotated into the wound defect. Similar to the “H” advancement flap, the flap
should not be more than two times longer than it is wide at the base. The newly created defect may or may not be closed.
Other options that are not as commonly used in equine wound repair are skin stretching, tissue expanders, and vascular pedicle grafts. These techniques
should be further explored in horses.
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When a surgical wound dehisces or when tissue loss dictates it (e.g. in accidental wounds or after excision of masses), wounds will have to heal by second
intention. While often useful, skin grafting may have certain limitations in terms of success rate and/or costs. When skin grafting is not an option, the surgeon
must resort to supporting healing through application of dressings or use of devices that promote the pathophysiological events (inflammation, hyperplasia and
maturation) that eventually lead to wound closure.
Dressings
 
The primary means to promote second intention healing are to select dressings that stimulate the desired pathophysiologic process in the wound bed 1. To
remove necrosis, the surgeon should add moisture by applying a hydrogel or hydrocolloid dressing; to enhance ingrowth of granulation tissue, alginate or
hydrofiber dressings are appropriate choices, as these stimulate fibroplasia; to achieve ingrowth of epithelial cells, the wound is best dressed with a foam
dressing, which enhances neoepithelialisation by maintaining an appropriate moisture balance at the wound surface; in the late stages of healing, a film
dressing can be applied to maintain a slightly moist wound bed and to protect against contamination. Varying the type of dressing throughout the course of
healing is thus crucial for obtaining fast wound closure. To choose the most useful dressing, the wound there needs to be carefully assessed at each bandage
change1.
Topical application of antimicrobial agents
 Many factors may impair healing, and it is important that the surgeon keep these in mind when faced with a wound that does not heal as expected. The most
important are infection, chronic inflammation, foreign bodies, excessive movement, and necrotic tissue – all of which should be handled to allow the wound to
heal. Limb wounds in horses are particularly prone to development of chronic inflammation and infection with formation of bacterial biofilm that is recalcitrant to
systemically applied antibiotics. In the human market there is an enormous availability of antimicrobial dressings, which the equine surgeon should take
advantage of. Dressings containing silver, hypertonic saline, honey, antiseptics (octenidine, hypochlorous acid, acetic acid, polyhexamethylene biguanide
[PHMB, also called polyhexanide], iodine, chlorhexidine), and antibiotics are available2. A best practice statement from Wounds UK (https://www.wounds-
uk.com/resources/details/best-practice-statement-use-topical-antimicrobial-agents-wound-management) highlights the importance of using topical antimicrobial
treatment in infected wounds or wounds at risk: “The use of topical antiseptic/antimicrobial agents is one of the key ways to assist in treating patients with signs
of wound infection, and without judicious use of the products, patients may be at risk. [….] It is equally important to avoid using topical antiseptic/antimicrobial
agents on wounds in situations where infection is not present, or where there is no significant clinical risk of infection”. Clinicians seeking to improve their
results when managing wounds healing by second intention should, in this author’s opinion, initially focus on detection and management of wound
inflammation and infection. These are the major causes of impaired healing of equine limb wounds and in many instances ineffectively managed (e.g. by
prolonged systemic administration of antimicrobials).
Physical methods
 Several methods based on physical effects have been developed for promotion of second intention healing. The most well-known of these is probably vaccum-
assisted closure (also called negative-pressure wound therapy, NPWT). There is quite substantial scientific evidence that this method facilitates healing,
especially when it is combined with instillation of antiseptics into the wound bed3. NPWT works through two mechanisms: 1) enhancement of microcirculation
by active evacuation of excess interstitial fluid (edema), and 2) physical effects on cells in the wound bed, where the microstrain created by the vacuum
stimulates cellular mitogenesis, angiogenesis, and production of growth factors.
Physical methods also encompass:
 Wireless electroceutical dressings (WED)4, where a silver-zink redox couple in the dressing creates an electric current that induces electrotaxis of
keratinocytes and epithelial cells, endothelial cell migration, and fibroblast growth, migration and differentiation
Pulsed radiofrequency electromagnetic fields5, where electrodes are responsible for establishing a changing magnetic field that interacts with electrically
conductive elements in tissue, resulting in induced currents. These currents have effects similar to those described for WEDs
Extracorporeal shockwaves6, which generates pressure waves that travel through fluid and soft tissue. Where tissue impedance changes, compressive
and shear loads develop, leading to cavitation. The resultant effect in the wound bed is improved angiogenesis, epithelialisation, fibroblast activity, and
synthesis of growth factors such as transforming growth factor β
Low-level, low-intensity ultrasound7, which is thought to directly stimulate healing (enhance protein synthesis, induced production of growth factors) and
to possess antibacterial effects
Low-level laser8,9, where photons from the laser are absorbed by cells, causing electron excitation and intracellular energy production and leading to so-
called photobiostimulation with proposed effects on collagen and extracellular matrix synthesis, cytokine and growth factor modulation, and cell
migration and proliferation
Topical application of gases (oxygen, ozone)10,11, where the wound is bathed with the gas for several hours; this purportedly has antibacterial effects
and affects collagen deposition, angiogenesis and energy metabolism
Most of the physical therapies seem to have positive effects, but the level of evidence is generally low, especially in veterinary species. Most evidence is
derived from in vitro studies, experimental wound studies, or under-powered clinical studies or case-reports. The protocols for using the treatment modalities
are highly variable, and it is therefore very difficult to  make firm, evidence-based conclusions about the clinical usefulness of the devices.
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Relative to its potential, the use of skin grafts for treating equine wounds is still limited. A survey under ECVS and ACVS equine specialists in 2008 revealed
that grafting in general is not popular because of the unpredictable acceptance of the various types of grafts whereas the final cosmetic result appeared
regularly disappointing. Additionally, the costs of surgery were often seen as a reason not to perform a skin graft.
The Modified Meek technique is the newest technique for skin grafting in horses and this technique is clinically evaluated.1 The technique appears to give
consistent and reliable results. The acceptance of thick partial thickness micrografts is nearly 95% and is reported to be better than that achieved with any
other type of skin grafting performed in horses. High numbers of islands can be easily applied, up to thousands, which means that large wounds can be
grafted. Most wounds that receive Meek micrografts heal within a month, regardless of the wound’s size and location whereas the functional and cosmetic
results are consistently good.1 The micrografts enhance wound contraction to approximately 300% more than contraction of deep experimental limb wounds in
horses during second-intention healing.2 These effects are hypothesized to result from the action of cytokines present in the dermis of the grafts. Although any
type of graft that includes the dermis may have such effect, dermal contact with the wound after Meek micro-grafting is greater than after the other types of
island grafting because of the high number of islands that can be easily applied and because the grafts are split-thickness. The increase in wound contraction
means a reduction in the size of the final scar.
Despite the simple surgery and the superior results of the Modified Meek technique, the technique is so far not extensively used. One of the reasons seems the
reluctance of clinics to invest in the equipment, being the dermatome to harvest the partial thickness skin and Meek machine to cut the skin in islands. An
additional reason is the requirement of general anesthesia to harvest partial thickness skin, because that part of the surgery is very painful.
It would be a wishful thinking to adjust the Meek technique to a technique with limited equipment which could be performed in the standing horse. Several
clinical and experimental tests have been performed to learn more about the potential variations of the Meek technique.3 The technique has been performed in
the standing horse while harvesting full thickness skin from the pectoral area, which prevents general anesthesia and the investment in a dermatome. Although
several practical obstacles had to be overcome, the procedure worked out well even when the skin was cut manually. The acceptance of full thickness
micrografts is still very good (approximately 85%) but slightly reduced compared to the acceptance of partial thickness micrografts. This reduction in
acceptance is not only because the islands are full versus partial thickness, but also because more full thickness islands are lost during the procedure. Wound
contraction seemed less after using full thickness compared to partial thickness micrografts.3 Although full thickness islands work out quite well, large wounds
can still better be grafted with partial thickness micrografts.
What would be the future of equine skin grafting from a specialists point of view?
If we want to improve the quality and level of equine wounds healing by second intention, we should decide more often to graft these wounds. The most
successful method for grafting equine wounds so far is still the Meek technique, so a technique that uses small islands on the granulation tissue (instead of ín
the granulation tissue). Grafting not only results in faster healing with a better quality of scar, but it is also usually more economical compared to bandaging
wounds healing by second intention. In human wound care the success of wound treatment has been improved obviously by concentrating the surgery and
care to certain wound centers.4 Ideally, equine wound management could benefit similarly and such centers could invest in grafting equipment and serve as
referral hospitals that often perform grafting. If each country would have some of these centers, wound treatment could develop to a higher quality level and
would be accessible for all equine patients. Currently we know that horses admitted for grafting not necessarily have to be operated under general anesthesia
as full thickness micrografts are also readily accepted.
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With increasing multi-drug resistance especially in hospitalised patients1 gone are the days where we can rely on antimicrobials alone to treat infected wounds.
Culture‐guided antimicrobial selection has become vitally important to ensure appropriate antimicrobial treatment and to reduce antimicrobial resistance.
 Diagnostic advancements are evolving rapidly and while traditional disc-diffusion susceptibility results still require 48-hours, modern techniques such as
MALDI-TOF (matrix-assisted laser desorption ionization time-of-flight) mass spectrometry can reveal the causative organisms in less than 24 hours2.
It is also important to ensure correct sampling technique of wounds for culture submissions to minimise contaminants. Genuine polymicrobial infections are
rare and, although polymicrobial culture results are commonly reported, it is more likely that there is a single predominant isolate driving the infection while the
other bacteria are passive visitors3. Sampling of contaminants may lead to susceptibility results which will erroneously guide the clinician to unnecessarily
escalate the antimicrobial selection to high priority critically important antimicrobials (HPCIAs) such as 3rd/4th generation cephalosporins and fluroquinolones.
 Wound biopsies, although slightly more invasive, often provide more accurate culture and susceptibility results4.
Not every traumatic wound requires antimicrobials and each case should be weighed-up carefully on factors such as size, depth and location of the wound,
synovial involvement, age and immune status of the patient and the degree of infection present. A small superficial traumatic wound will heal adequately
without antimicrobials in an otherwise healthy patient whereas a wound with synovial contamination is likely to be life threatening and it would be inappropriate
not to administer antimicrobials.
While culture and susceptibility results are pending, systemic administration of penicillin and gentamicin is recommended as first line of treatment in equine
patients5 for reasonably large wounds with risk of significant morbidity if left untreated. The dose of gentamicin, particularly in hospitalised horses, has recently
been investigated6 and many clinicians now routinely use 8.8mg/kg IV SID in adult horses although it is important to remember to monitor kidney enzymes with
prolonged use. In countries where intravenous formulation of penicillin is only intermittently available, treating needle-shy horses according to the antimicrobial
cascade poses an ethical dilemma. Many clinicians will, in that situation, choose to escalate the antimicrobial selection to ceftiofur; however, the author would
encourage others to attempt to either hold-off on giving antimicrobials until susceptibility results become available (if the infection is not life threatening) or
choose another first line antimicrobial available for intravenous use with reasonable broad-spectrum activity such as oxytetracycline. Once culture and
susceptibility results become available in 48 hours the clinician can choose to adjust antimicrobial treatment accordingly. The recommended dose of penicillin
is very varied from 12-22mg/kg and there are limited equine studies in this area7.  
Another dilemma clinicians face is when the wound infection appears to be responding despite the horse receiving an antimicrobial drug that it is resistant to. It
is important to remember that resistance breakpoints are an arbitrary cut-off which may be derived from human or small animal studies and that in-vitro
susceptibility does not always translate to clinical outcome8.
Should the infection fail to improve despite appropriate antimicrobial selection, it is important to re-sample the wound for culture and susceptibility as the
causative organisms may change or acquire resistance genes via plasmids.  In poorly responding wounds, repeat diagnostic imaging is also important to look
for other causes of non-healing such as the presence of foreign body or a sequestrum which may have been missed initially.
Regional limb perfusion (RLP) is a useful tool to increase the antimicrobial concentration to the distal limb and when using a concentration dependent
antimicrobial such as aminoglycosides, Minimum Inhibitory Concentrations (MIC) can be achieved that are much higher than concentrations achieved with
systemic delivery. Therefore, with the use of concentration dependent antimicrobials it is possible to treat infections that may show in-vitro resistance at lower
concentrations.
Much of the research on RLP has focused on synovial antimicrobial concentrations following the procedure, and these findings may not extrapolate to wounds
without synovial involvement. However, there would appear that there is no difference in intra-synovial antimicrobial concentration achieved between 10, 20- or
30-min duration of RLP9-10. Higher concentrations of amikacin have been identified from the metacarpophalangeal (MCP) joint in standing horses compared to
those under general anaesthesia, which has been attributed to a difference in blood pressure9. Alternations in blood pressure and volume appear to be
important in the distal limb as higher concentrations of amikacin have also been identified in the MCP joint following exsanguination of the limb vs. without,
while no such difference has been identified in the radiocarpal joint11.
Local antimicrobial treatments may not be as effective as first hoped in the treatment of infected wounds and a recent study found no effect of RLP on
Staphylococcus aureus bioburden,12 which may be due to an inability to reach effective antimicrobial concentrations within the wound bed. Furthermore, recent
research has not identified any difference in second intention healing of surgical wounds following three daily consecutive RLPs13. Moreover, a large study of
equine fracture repair also failed to identify a protective role of local antimicrobial therapy for SSI14.
Other methods of local antimicrobial administration include direct injections into synovial cavities (in cases with synovial sepsis) and topical application directly
onto the wound. However, this is unlikely to provide effective tissue concentrations and may even be toxic to surface cells. Another type of local antimicrobial
delivery includes antimicrobial impregnated biodegradable collagen sponges, which are commonly used in fracture repair14. Antimicrobial dressings are useful
and have been covered in-depth in the preceding talk.
In a world of increasing antimicrobial resistance, clinicians must ensure judicious antimicrobial choices and strict adherence to antimicrobial stewardship. While
antimicrobials are useful in treating infections, we can no longer rely on them but instead must use them in conjunction with basic principles of wound
management.
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Incidence of vascular disorders is rare in equids, but when present they can be fatal. It is the case when we suspect rupture of a major artery in the guttural
pouch. Once diagnosis of epistaxis originating from the guttural pouch is confirmed, and differential diagnosis has excluded fracture of the stylohyoid bone and
rupture of the longus capitus muscle, surgical treatment should be initiated immediately because if left untreated the risk of fatal hemorrhage is always high. 
Surgical vascular occlusion for prevention of hemorrhage is the recommended procedure and knowledge of a trans-arterial coil embolization (TACE) technique
under fluoroscopic guidance is presently the most helpful approach to resolve or prevent further epistaxis (Lepage and Piccot-Crezollet 2005). Other methods
of vascular occlusion include, use of transarterial nitinol vascular plug device, use of detachable balloon, and insertion of a balloon-tipped venous
thrombectomy catheter. In choosing an occlusion method, the surgeon must consider technical limitations, including access to a fluoroscope if a TACE
procedure is selected, and possible complications for each of these options (Jennings et al., 2019).
Different approaches to perform a TACE procedure
General anesthesia in lateral recumbency
 The original TACE procedure, presented for the first time at the 1999 annual ECVS meeting, was under general anesthesia. After routine induction of
anesthesia (Léveillé et al. 1999), horses are placed in lateral recumbency with the affected guttural pouch uppermost. The head and neck are positioned on a
custom-made plexiglas table (Fig. 1), to enable fluoroscopy. An area over the jugular groove at the junction of the upper and middle third of the neck is
prepared aseptically. All personnel need to wear shielding aprons during the procedure.
Fig. 1 – (a) The head and neck are positioned in extension on a plexiglas table to enable (b)  fluoroscopy; (c) note that all personnel need to wear specific
protection (numbers) during the procedure in order to reduce radiation exposure time..
After draping, a 10-cm skin incision is made at the junction of the proximal and middle third of the neck, just above the jugular vein. The fibers of the
brachiocephalicus and the omohyoid muscles are bluntly separated. The carotid trunk is elevated by blunt finger dissection. The carotid sheath is incised, and
the vagosympathetic trunk carefully separated from the common carotid artery (CCA). The CCA is punctured and a 6F-introducer system is placed to get
permanent access for an  angiographic catheter to perform angiogram and place coils at the desired location.  
Standing procedure
 A TACE procedure, under fluoroscopic guidance, performed in a standing horse (Fig. 2) , is effective for maxillary, internal and external carotid arteries
occlusion (Benredouane et al., 2012). The technique should be reserved for surgeons experienced with the technique performed under general anesthesia.
Complication of horses collapsing during intracarotidian manipulation of the angiographic catheter combined, or not, with the injection of meglumine
ioxithalmate contrast product is reported (Lepage, 2015). This complication might be linked to transitory cerebral reduced blood flow or ischemia induced by an
arterial spasm.  This transient ischemic attack resolved within a few minutes in all cases and the TACE procedure was continued under general anaesthesia.
Fig. 2 - Horse positioned in a stock with the rostral mandible positioned on a portable head support and stabilized in extension by an assistant. The horse is
covered by a unique sterile drape, from the base of the neck to the tail. The surgeon’s side of the stock is covered with separate drapes.
Minimally TACE procedure with ultrasound guidance
 A more minimally invasive approach, with ultrasound guidance, to percutaneously access, via a skin stab incision, is described in anesthetized and in standing
horses (Maninchedda et al. 2015) (Fig 3). Fluoroscopy is still needed for the other steps of the TACE procedure when using this percutaneous approach. After
placement of all coils, the angiographic catheter and the introducer sheath are removed together. Manual pressure is applied to the insertion site. After stapling
the stab incision, a neck bandage with a wad of compresses is applied for 24h to exert local pressure. This technique avoids suture of the common carotid
arteriotomy site and any surgical incision closure at the exception of the stab incision. Hematoma at the carotid puncture site is reported with this percutaneous
ultrasound-guided TACE procedure.
Fig. 3 - Under ultrasound guidance, an 18G angiographic needle, followed with an introducer catheter, is inserted through a stab incision in the skin with a 45-
degree angle directed cranially towards the CCA.
Tips for TACE
 Under fluoroscopic guidance, coils are delivered via a catheter system introduced into the CCA and are deployed in the appropriate locations using
fluoroscopy. The surgeon must be familiar with vascular anatomy of the region and be aware that multiple normal anatomical variations may be encountered
(Fig. 4).  Multiple angiogram are obtained during the TACE procedure to map the arterial anatomy, including the internal (ICA) and external (ECA) carotid
arteries, in real time.
Fig. 4 (a) - After occlusion of the ICA, contrast fluid shows presence a second branch of the artery, (2) which was also occluded.
Fluoroscopic equipment is essential to study the vascular lesion (Fig. 5a) and estimate the size of the mechanical permanent blocking agents called coils. The
use of conventional radiography is not advisable for radiation protection of the personnel and because it does not offer enough images at the delicate moment
of coil positioning (Fig. 5b, c). Radiography should be reserved, during a TACE procedure, in the exceptional case of fluoroscope breakage.
The size of a coil should be carefully selected to occlude each specific vessel. Correct coil size is obtained by adding the intraluminal arterial diameter to 20%
of that measurement. The selected coil should roll up within the artery and wedge against the wall. If a deployed coil is too small compared to the intraluminal
artery size it will migrate and embolize distally from the intended release position. Conversely, if the coil is too big, it will be prevented from assuming its
configuration and the ends of the coil can protrude into undesired positions. Abnormal positioning of coils can potentially have disastrous neurological or
vascular effects. During the procedure, arterial spasm induced by passage of an angiographic catheter and, or the injection of contrast liquid can affect size
estimation (Fig. 6). 
Fig. 5 - (a) Coil placement rostral to an active bleeding of the ICA; (b,c) angiogram obtained with a X-ray. To reduce radiations, X-rays are spaced in time and
coils are partially placed in a blind manner preventing good positioning and deployment.
A TACE procedure needs a minimum of two assistants and one skilled surgeon familiar with angiographic anatomy (Fig. 6) and the material. The skilled
surgeon manipulates the angiographic catheter and one manipulates the Newton coil delivery guide. The second assistant stays non-sterile to take care of the
fluoroscope and the specific material needed during surgery. 
Fig. 6 – (a) A surgeon confused the lingo-facial artery (*) and the ECA, which required a second TACE procedure to correct the positioning error and stop
epistaxis recurrence; (b) spasm in the ICA during passage of the angiographic catheter.
The angiographic catheter must be placed as selectively as possible, always starting with the most rostral occlusion site and then moving caudally (Fig. 7).
Equine surgeons are confronted with a variety of size in the arterial diameter, from a foal, a donkey, to a large draft horse. So before offering a TACE service in
a referral Centre, it is mandatory to have a large variety of coil sizes in stock. Several companies are producing coils, however, it is advisable for the surgeon to
familiarize with one system and not change too often because we can easily lose effectiveness during the act of embolization. This is even truer with equine
surgeon, because no one is performing this surgery on a regular and routine way. Coil technology is continuously under development and the Retracta® (Cook
Medical, IN, USA) detachable embolization coil provides now a safer delivery system for correct positioning, reducing at the same time the number of coils
needed to complete occlusion.
Fig. 7 – (a) rostral embolization of the ICA at the sigmoid flexure (*). Note the presence caudal to the coils of multiple abnormalities of the arterial wall; (b)
caudal embolization of the ICA just after its branching from the common carotid artery.
In case of an aneurysm, a coil packing technique is performed to fill the lumen (Fig. 8). 
Fig. 8 – Coil packing technique of (a) an ICA aneurysm and (b) an ECA aneurysm.
Take home message
 A TACE technique, under fluoroscopic guidance, is the least invasive and most effective management to occlude aneurysm and any artery rupture crossing the
guttural pouch.  An experienced surgeon with angiographic anatomy and the TACE procedure is essential for good success. Fluoroscopic guidance is also
essential to perform correct occlusion.
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Proximal saddle emboli at the aortic bifurcation can be removed through the femoral artery using a Fogarty Thrombectomy catheter. By passing through the
embolus, and by dilating the metal cage the clot can be catched and withdrawn, restoring the blood flow to the lower extremity.
The chronic arterial occlusive disease of the aorta and its caudal arteries, also referred to as aortic-iliac thrombosis (TAI), is characterized by a reproducible
predictable exercise induced hind limb lameness that disappears with a resting period of 5–10 min. Horses that are forced to train ‘through the pain’ show a
more severe lameness and may require significantly more time for the clinical signs to resolve. The worse the signs, the longer recovery takes. Affected horses
could be without signs or show only vague performance complaints; however, the clinical signs can also be very severe and acute colic-like after training. The
severity of clinical signs is related to the degree of vascular occlusion, the presence of collateral circulation and the speed of onset of the occlusion. If the
external iliac artery and/or femoral artery are occluded for more than 60% exercise-induced reproducible lameness that subsides with rest can occur. The signs
are caused by ischaemia in the hind limb tissues as a result of insufficient perfusion due to vascular occlusion. The disease is a progressive vascular disease
and has a gradual onset and thus might not be noticed initially. In all cases described for TAI the thrombus has had its origin in the aorta and slowly grew in the
direction of the bifurcation. It might be possible for a thrombus to start cranial to the mesenteric arteries and occlude these arteries resulting in ischaemia of the
intestine. While extending caudally, the external and internal iliac arteries can be partly or totally occluded. Is the femoral artery involved the symptoms as
described can occur, is only the internal iliac artery involved the horse might show infertility.
The prevalence of the disease in horses is unknown because the majority of patients is asymptomatic, show vague symptoms or remains undiagnosed. It is
likely that the true prevalence in horses is higher than suspected, due to the unawareness of the practitioner.
Besides chronic arterial occlusive disease acute arterial occlusions may occur as well in both normal and diseased arteries. Occasionally, a thrombus disrupts
from a proximal source and acutely occludes a distal peripheral artery and may manifest as colic like signs (pawing, strain ing, sweating, lying down and rolling),
mostly combined with a severe lameness.
Suggested causes that predispose for thrombosis include vascular damage (due to trauma or parasites), hypercoagulation of blood and turbulent blood flow.
Diagnosis is based on history, clinical presentation, transrectal palpation, ultrasonography, thermography and scintigraphy. The absence of a pulse in the
extremity, a collapsed vein and hypothermia of the distal extremity of the effected limb on palpation are probably the most common physical findings; and are
typically apparent only after exercise. Transrectal ultrasonography is used to recognize the thrombus in the aorta, internal and external iliac artery. With the use
of Doppler ultrasonography the extent of the thrombus as well as the degree of the arterial occlusion (remaining functional blood flow) in the artery can be
estimated; in unilateral cases, the other  limb can be scanned as a reference. Thrombi are recognized by anechoic to echogenic material in the lumen and
blood flow is imaged and can be measured by Doppler method. Also scintigraphy might show a reduced circulation.
Treatment remains a challenge, also because most of the time we have to deal with a chronic problem. The goal of treatment is to eliminate ischaemic
symptoms and prevent progression to vascular occlusion. In partially occluded arteries conservative treatment, with exercise programs and pharmacological
thrombolytic therapy can be initiated, but has so far been unsatisfactory. Positive results are obtained by restoring blood supply to the ischaemic regions by
vascular surgery: by thrombectomy with the use of a FogartyR graft thrombectomy catheter (16024 6F, Baxter, a length of 50 cm, a closed diame ter of 4 mm
and an opened diameter of 16 mm). In some acute cases a balloon thrombectomy catheter can be helpful although in chronic cases the thrombus is adhered
to the arterial wall and the balloon just passes the thrombus due to the relatively small size of the balloon. The thrombectomy is used with the goal of debulking
the thrombus as far as possible and create recanalisation in order to obtain good blood flow. By improvement of the blood flow properties of blood post-
operatively the results can be optimized.
The surgical technique is still the same as described by Brama et al (1996). The horse is anesthesised and positioned with the hind quarters in dorsola teral
recumbency and the head and neck in lateral recumbency. The affected hind limb is the underlying one and the uppermost hind limb is secured in flexion and
abduction. The incision (approximately 10 cm) is made medially over the saphenous vein where its course is changing from superfici al to deep. Following the
vein the muscles are bluntly separated and the femoral artery, mostly recognized as a hard round longitudinal structure, is mobili zed by blunt dissection. Before
incising the artery two ligatures are positioned and two vascular clamps (aortic forceps, DeBakey-Morris) to prevent excessi ve loss of blood during surgery.
Small arterial branches of the femoral artery are exposed and ligated. A small tranverse arteriotomy is made and blood flow is tested by loosening the vessel
clamp and letting the ligature slip. When a throm bus is seen at the height of the incisi on this thrombus is loosened from the arterial wall by care ful blunt
dissection and remo ved. Then, the FogartyR cathe ter is inserted in closed position into the femoral artery, directed proximally and posi tio ned beyond the
thrombi. The catheter is partially opened and retrac ted, functioning as a "scraper" and catching the thrombi on its way out. This proce dure is repeated with the
catheter more widely opened till no resis tance during retrac tion of the cathe ter is felt and no more thrombi are removed. By removing this blockage, blood can
now flow from the proxi mal side. After the proximal thrombectomy when indicated the proce dure is repeated distal to the incisi on to remove any distal embolus.
Before closure of the artery, blood is allowed to flow freely for a short period to remove loose residual throm bi. The arteriotomy is sutured using a continuous
suture of monofi lament polypro pylene (ProleneR, Ethi con, USP 5-0). Just before knotting the continuous suture, 20 ml of a heparin solution (HeparinR Leo, Leo
Phar ma ceutical Products, 250 IU hepari n/ml physiologic saline) is injected into the femoral artery in a distal and proxi mal direction. Fascia and subcutis are
closed with a simple continu ous suture followed by skin closure using an intradermal conti nuous suture (Mono crylR, Ethicon, USP 2-0).
Anti-coagulation, to prevent extension of thrombosis and dissemination of remaining thrombi, is obtained intra-operatively just before incising the femoral artery
by the administration of 100 IU heparin/kg intravenously. This is followed post-operati vely by the administra tion of 50 IU heparin/kg subcuta neously twice daily
for 2 days and carbasa latum calcicum 5 mg/kg (AscalR, Dagra Pharma) orally once daily for at least 3 months. Alternatively pentoxifylline can be used. It has
been reported to improve abnormal erythrocyte deformability, reduce blood viscosity, and decrease platelet reactivity and plasma hypercoagulability, but cost
are higher. Perioperatively antibiotics are administered. Handwalking is advised immediately after surgery. Move ment is restricted for 2 weeks post-surgery to
facilitate uncompli cated wound  hea ling, after which the amount of exercise is gradually increased.
A severe complication is the appearance of TAI in the contralateral limb after surgery by acute thrombo-embolism  due to fragmentation of the thrombus
resulting in embolisation  of the arteries of the contralateral limb. Another complication is post-anaesthetic myopathy. This last condi tion is assumed to be
primarily caused by local hypoxemia of various muscle groups. Horses with TAI, that have pre-existing hypoxemia before surgery, are there fore at high risk for
this complication. Adequate pad ding, correct positioning, prevention of hypotension and limiting surgical time are extre mely important in the surgical
management of these patients. Also the horses should not be operated on after transport of working. Prior evaluation of muscle enzymes could be advised and
when elevated surgery might be postponed.
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In human vascular surgery hemostasis have always played an important part. During operative procedures uncontrolled arterial and venous bleedings may
lead to severe hypovolemia, organ damage, result in more infection in the postoperative period. Direct blood vessel bleedings should adequately treated at the
time of the surgery as reoperations for hematoma or hemodinamical instability will result significantly more complication, morbiditiy and even mortality.
Modern topical agents has been developed recently to control suture hole bleeding, diffuse parenchymal organ bleedings and special devices have been
developed for controlling puncture holes on arteries during endovascular interventions.
The three major classes of hemostatic approaches are biologically derived materials, synthetically derived materials and intravenously administered hemostatic
agents. Experiences from the battlefield are introduced to trauma surgery and into surgical specialties where major bleeding may occur, i.e. vascular and
cardiac surgery.
The technique of vascular anastomosis itself did not show any substantial changes in the last decades. The instruments became more refined, needles and
sutures are available in a big variety concerning sizes, length and shapes. Vascular staples are not in common use yet. The frequently poor quality vascular
wall properties nad different vessel diameters make it difficult to use standardised non-suturing methods.
The latest developments of sutureless vascular access creation will be presented such as ultrasound guided endovascular needle augmented covered stent
implantation saving critically ischemic leg or ultrasound guided vascular access creation with thermal energy between arm veins and arteries.
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